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3 , 31-34 PREFACE. 

TT HE third Volume of this Miscellany being now com- 
pleted, I have again the opportunity of making my acknow- 
ledgements to its friends and -supporters, and presenting the ' 
respectable list of its Authors. 

The authors of original Papers are John Bostock, M. D. 
Mr. Rob. Jameson ; the Rev. James Wilson, A. M. $ John - 
Gough, Esq. ; Mr. Ez. Walker ; Rev. Joseph' Priestley, 
L.L.D. F.R.S.; Rev. W. Pearson, P. R. I.; Dr. Thomas 
Young, F.R.S. and Professor at the Royal Institution; 
Mr. Peter Keir ; Mr. John Dalton ; Mr. Wm. Wilson ; R. 
Chenevix, Esq. F. R. S. ; Mr. John Cuthbertfon ; Mr. John 
Murray ; J. B. ; W. N. ; and Profeflor Aldini. — Of foreign 
works; Hapel Lachenaie ; Brongniart; J. B. Berard ; 
Guyton; Gay Lussac; Ekeberg; B. Prevost. — And of Eng- 
lish Memoirs abridged or extracted, Dr. Young ; Mr. R. 
Phillips; Mr. J. Besant; Edw. Howard, Esq.; F.R.S.; 
Sir H. C. Englefield, Bart. F. R. S. ; Mr. J. Dalton ; Mr. 
H’. Davy, Profeflor at the Royal Institution ; T. Wedgwood, 
Esq.; R. Chenevix, Esq, F.R.S. Mr. Wm. Henry. 

Of the Engravings the Subjects are, 1 . A powerful Blow- 
pipe by Alcohol. 2. Mr. Wilson’s two new Barometers. 
3. An improved Water Wheel, by Mr. Besant. 4. Mr. R. 
Phillips’s Tubes for driving Copper Bolts into Ships. 5. The 
Hydrometer of Atkins, for exhibiting Specific Gravities and 

Strengths 
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Strengths of Spirits without Computation. 6. Mr. Read’s 
very simple and cheap Pneumatic Apparatus. 7. The new 
moveable Crane ereCted by Mr. Keir at Ramsgate. 8. Haas's 
Blow-pipe Apparatus. 9. Figures by Mr. Jameson, to 
illustrate the Formation of Basalt. 10. Elements of the Gal- 
. vanic Pile, by Dr. Bostock. 1 1 . Distinguilhers of Galvanism 
and Electricity. 12. Gay Lussac’s Apparatus for measuring 
the Expansions of the Gases. 13. The Indian Hand Mill. 
14. A Secret Lock, which can be opened only by the Pro- 
prietor. 1 5. Improvement of Woulfe’s Apparatus, by Mr. 
Murray. 16. Dr. Young’s Apparatus for exhibiting the 
colours of thin plates. 17. Figures by Prevost, for explaining 
the Phenomena of Dew. 

Soho Square, Dec . 26 , 1802 . 
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ARTICLE I. 

Dtfbription qfa cheap and'fimple Apparatus or Blow-pipi, in which 
the Flame of Oil or TdUm is impelled by the Vapour of Alcohol, 

From a CojreJjmndent. 

To Mr. NICHOLSON. 

S I R, London , July 9, 1802. 

Useful as the blow+pipe is for the profelTed mineralogift Ineonvenfeacet 
and chemift, as well as for the amateur of the fcience, it is, tkeblow-pipe* 
tiowever, liable to the inconvenience of requiring one hand of tutes commonly 
the operator to be employed 5 betides, that perfons of weak ufed# 
lungs, or not well accuftomed to its ufe, find it laborious, even 
When they attempt to manage it according to the directions 
given by Bergman and Engfirom ; more efpecially, when a 
continued ft ream of air is required for fome time. For this re%« 
fon, fome have recourfe to a bladder filled with air, and force 
it out by preffing the bladder between the arm and their body ; 
others ufe a fmall pair of double bellows, to be fixed upon the 
table : others again employ a receiver, or rather gazometer, in 
the form of Mr. Watt's hydraulic bellows. But all thefe means 
are not always ready at hand, or not eafily portable to accom- 
V 0l. III. — September, 1802. B pony 
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INSCRIPTION OF A BLOW-FlF£. 


Very ufeful lamp 
exhibited by 
Profeflbr Pittet. 


Defcription of 
two lamps for 
blowing the 
flame of oil by 
alcohol. 


Long ago ufed 
by Nollet* 


pany the travelling mineralogift, and in every cafe they require' 
fome. preparation. And even the ingenious contrivance of 
Mr. Haas, though it permits the free ufe of the operator's 
hands, is expenfive, and (till requires the blowing through the 
mouth. 

When Profeflbr Pidtet of Geneva vifited London laft year, 
he brought along with him and exhibited to his friends an appa- 
ratus, which at the fame time that it is Ample and very port- 
able, is the moft advantageous fubflitute for the blow-pipe, and 
removes all its inconveniences. An imitation of this apparatus 
was exhibited in the le&ure-room of the Royal Inftitution, Al- 
bemarle-flreet. 

The drawing of this inftrument which I fubjoin, was copied 
from that communicated by a friend. A, plate I, is a tin-box 
filled with common oil, ferving to feed the flame at F, thence 
to be diredted on the fubflance under examination, and at the 
other flame, to heat the fpirit of wine contained in the copper or 
tin lamp B. The boiling fpirit being converted into fleam by 
the heat, ru flies th rough the bended tube C upon the flame of 
the wick at F. Laftly, D is a Aider with loops and fcrews to 
raife or lower the fpirit lamp. The whole being very Ample 
and clear, any farther explanation would be needlefs. 

I do not know whether Profeflbr Pidtet pretends to be the 
inventor of this apparatus; but certain it is, that Abbe Noliet 
more than fifty years ago employed fuch a contrivance, as may 
be feen in his l* Art defaire Experiences . Another application 
of the fpirit lamp for this purpofe I have read in the Annales de 
Chimie, but do not recoiled! in which volume. 

There is no doubt but the communication of the lamp above 
deferibed will be acceptable to many of the readers of your ex- 
cellent Journal ; whence, if you agree with me in this opinion, 
be fo kind as to infert it. 


I am. Sir, 

Your humble fervant. 


N. N. 


ANNOTATION. W. N. 

Powerful effeft The application of the elaflic and combuftible vapour of al- 
of a fmalicoli- cohol to this ufeful purpofe is fo obvious, that it can fcarcely be 
appropriated as an invention. The glafs-blowers have long 
fold a little implement, confifting of an egg-lhaped ball, having 

aflem 
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i Item or handle, and a nozzle or tube. It is an eolipile, afld 
when half filled with water or fpirit, and heated over a candle, a 
ftrong current either of vapour or of the denfe fluid will iflue out 
accordingly as it is held. With the vapour of fpirit thus blown An ^halfpetm^r 
through the large flame of a tallow lamp, I fufed a halfpenny, giaf s ftopper per* 
and foftened the ftopper of a bottle fo as to run a wire through forated. 
it ; though I muft confefs not without apprehenfion of the thin 
brittle veflel burfting, and covering the furrounding bodies with 
flame. The lamp B, which is the eflential part, may be made The lamp appa- 
cheap ; and indeed the whole would coft but a trifle. I tookTJ^j* **** 
a fmall lamp of that figure, 2f inches wide and i\ inch high 
(of the fort called agitable , from the cap for the wick being 
made to (crew in and defend the oil), and in the place of the 
wick-pipe, I foldered a piece of a common blow-pipe. The 
lamp' coft eighteen pence, and the blow-pipe fix-pence, and the 
combination anfwers perfectly well. 


II. 

Outline of the Hiftory of Galvanifm : with a Theory of the AStion 
qf the Galvanic Apparatus . By John Bostock, M. D. 

From the Author * 

{Concluded from Page 304*.) 

Col . HALDANE found that the efFedts of the apparatus Col. Haldant 

were fufpended when it was immerfed under water, and that the 

.. * f/ . , r . • . * _ pile In water* 

this was alfo the cafe when it was placed under the vacuum of He difcovered 

an air-pump. He conceived that the effedts of the pile were t* 1 * 1 

not increafed by its being connected with the conductor of an^^f® 4 ** 

electrical machine, and he thought that the charging of the 

Leyden phial was retarded when the apparatus was placed be* 

tween its outfide and infide coatings. Upon the whole he Thinks it not 

concludes that its effects cannot be referred to eledtricity . de ^ ric * 

Upon thefe experiments Mr. Nicholfon remarks, that in the Obfemtions to 
cafe where the pile was connected with the conductor, the** 16 contrir3r * 
ele&ric ft ream of the conductor might have been in a contrary- 
direction to the eledtric ftream of the pile. In the experiment 
where the pile was connected with the Leyden phial, it is cer* 
tain that the phial could not be charged higher than the pile 

B 2 itfelf. 
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* itfelf, and from the effects of galvanifm in general, it may b£ 

conje&ured that it refembles a large furface of an ele&ric 
charged to a low intenfity. 

Crutcfcfliank’a Mr. Cruicklhank, in a fecond communication, gives an ac- 
for'keepingThe 8 coun ^ f°me experiments which he performed with an inter* 
gafes diftindt. rupted wire of gold. By means of a bent glafs tube he con- 
, trived to keep the gales obtained from each wire perfedly 

diftind. That from the lilver end of the pile he found to be 
chiefly hidrogen, and that from the zinc end nearly pure ox* 
igen. Both the gold wire and one which he ufecl of platina* 
were evidently tarnilhed on the zinc end, after being expofed, 
His general con- for fo\4 e time to the influence. He draw's the following gene- 
du lions, i. SU- ra j conclufions from his experiments. 1 ft, From the filver end, 

pile gives chiefly d it be lmmerled in water, whatever be the nature otthe w r ire, 

bdrogen. 2. Re- there is difengaged a quantity of hidrogen gas mixed with a. 
duftion of me- f .. . 8 ^ M 

tallic folution at Ima H quantity ot oxigen gas and ammonia. 2a, Where a me- 
this end. 3. Zinc tallic folution is ufed inflead of water, the metal is reduced and 
oxigen?* t# * s depofited en d fo e wire. 3d, When the wire at the 
produces oxida- zinc end confifts of gold or platina, oxigen gas is difengaged 
t,on * mixed with a little azote and nitrous acid ; the quantity of gas 

is only about one-third of what Is difengaged at the filver end, 
fo that the gafes exift in the proportion requifite to produce 
water. 4 th. When the zinc wire is formed of an imperfect 
metal, it is partly oxidated, partly diflfolved, and a little oxigen 
only is difengaged. Fluids which contain no oxigen Mr. 
Cruicklhank thinks are incapable of tranfmitting the influence, 
whilft all thofe which contain it appear capable of conducing 
His Invention of the influence. Mr. Cruicklhank then proceeds to give an ac- 
a new galvanic count of a new method of placing the metals horizontally in a 
attough? 6111 ^ kind of trough, which in fome refpeds appears to he more con* 
venient than the form of the apparatus originally invented by 
Volta. 

Mr. Davy ob- Mr. Davy propofed this curious fubjed of enquiry, whether 
tain* the oxigen ^ 0 xicren and hidrogen gafes evolved by the interrupted wire 
of water, and the when immerled in water, can be procured from two portions 
hidrogen from of water kept difltnd from each other? For this purpofe he 
nededpordon" cau ^ ec ^ the wires to terminate in two glades of water, and by 
means of his fingers eflablilhed a communication between the 
two glaffes* The gafes he found were produced as in the for- 
mer cafe. When the water ufed was very carefully boiled, he 
found that the gafes evolved were nearly pure, and in the pro- 
portions 
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portions requisite to form water. Mr. Davy then wilhed to Reverfe effed 

afcertain whether it waseflential for the wires to be in contact on a/mglc >»ter- 
• i i i ... . . -i mediate wire, 

with the metallic plates of the pile ; the ends of the pile were 

therefore made to communicate with two glades off water by 

pieces of muicolar fibre, and the glafles were eenneded by a 

fiiver wire. The effects of the piie were now reverfed. Hi- 

drogen was difengaged by the w ire al the zinc end, while the 

wire at the fiiver end became oxidated. 

Col. Haldane, in a fecond memoir, details a feries of experi- Col. Haldane 

ments made to determine the power of different combinations ^, =ws i hat the 

r pile afcts more 

of metals. He found the pile aded more powerfully when im- ftrongly in ox- 

^nerfed in a given ouantity of oxigeti gas, than w hen confined in , 6 e i 1 » and not at 
. r i ii ^ 1 r i . , . ? r j. all in azote or in 

the fame bulk of atmotpherical air; its action was entirely lal- vacuo ; 

pended in azote or in a vacuum. On this account he conjec- 
tures that the effeds of galvanifm depend upon a chemical 
operation, and that oxigen is attra&ed by the apparatus from 
the atmofphere. 

Mr. Davy difronered that the influence of the pile was Davy’s appllca- 
capable of being tranfraitted through charcoal, when an appa- cb *‘ r ^ al 

ntfus was confirmed of this fubftance and fiiver. It decom- 
pofed water in the ufual manner, the fiiver end giving out hi- 
drogen with a little carbon in folution, while the zinc end evol- 
ved but little gas of any kind ; this was probably owing to the 
abiorption of the carbonic acid which would be formed at this 
end of the wire. He found that w hen the water between the His difeoveries 
pairs of metallic plates was perfectly pure, i. <r. when it 
contained neither acid, fait, nor gas of any kind, the pile the pile, and that 

ceafed to ad. He conjedures that the energy of the pile is lts effe ? s are 

. . . , ... proportioned to 

nearly in proportion to the rapidity with which the zinc be- the oxidation. 

comes oxidated ; and confequently the effeds were found to 
be the moft powerful when nitric acid was interpofed between 
the metals. Mr, Davy appears in this inftance to have made He applies the 
the firft ftep towards the true theory of the adion of Volta’s 
pile: as might be inferred from this notion, he found that con- 
centrated fulphuric acid interpofed between the metals, aded 
lefs powerfully than diluted fulphuric acid, becaufe this laft has 
more power in oxidating zinc than when in its pure ftate. He and caufes the 
alfo difcovered that the pile can ad in vacuo, provided a little P* leto a & in 
acid be interpofed between the plates. A pile compofed of 
Zinc and charcoal was found to polfefs great energy. 

All 
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Anonym, that 
women are more 
fuiceptible of 
galvanifm than 
men. 


Mr. Davy’s pile 
with one metal 
only. 


Cruickfhank 
charges a jar 
with galvanifm. 


Tromfdorff 
bums gold leaf 
and other metals. 


All thefe valuable difcoveries and experiments are taken 
from original papers communicated to the 4th vol. of Nichol- 
fon’s Journal. 

In the 5th vol. of this work we meet with fome curious ob- 
fervations detailed by an anonymous correfpondent at Edin- 
burgh. He found that water which had been for fome time 
fubje6ted to the influence of the pile, continued forfeveral days 
to emit gas, and to depofit a mucous matter. He has obferved 
that when both men and women form the galvanic circuit, the 
women appear to receive a larger (hare of the (hock than the 
men. Dr. Rutherford of Edinburgh conceives that vegetables 
are non-condu&ors of galvanifm, and therefore in this parties 
lar that it differs from electricity. 

Mr. Davy afterwards difeovered that a pile may be con- 
(trusted with only one metal, provided proper fluids be applied 
to its furfaces. He employed the following feries : metal, nit 
trous acid, water, fulphuret of potaih, and then metal. This 
curious difcovery,as Mr. Nicholfonjudicioufly obferves, com- 
pletely overthrows the hypothefis of Volta. 

Mr. Nicholfon about this time was informed by Mr. Cruick- 
(hank, that he had at length fucceeded, by ufing proper pre- 
cautions, in charging the Leyden phial by means of the galva- 
nic pile. 

Hitherto nearly all the wonderful difcoveries that had been 
made by means of Volta’s apparatus were confined to England, 
and were principally due to Mr. Nicholfon, Mr. Cruickfhank, 
Mr. William Henry, Mr. Davy, and Col. Haldane. The 
fubjedi began now to attradl the attention of foreigners, and we 
have an account of fome curious experiments performed by Pro- 
feflor Tromfdorff. He conftrudted a pile of zinc and copper, 
and fixed a piece of gold leaf to the zinc end of the wire; 
he found that it was eafily confumed, and that the fame thing 


Remarkable dif- happened to other metallic leaves. This experiment was re- 
tro ^that the by Fourcroy, and he adds this remarkable circumftance, 

Sock Vgreateft that fix large zinc and filver plates gave only a (light (hock, but 


when the repcti- confumed the wire rapidly ; whereas the fame furface of metal 
nK>ft°numerou8 } arranged in the form of a greater number of fmalier plates, af- 


the combuftion 
greateft the 
larger the fur- 
face. 


forded a more confiderable (hock, but would not b^n the 
metal. 

About this time Mr. Cruickfhank obferved, that when the 


Pruickfhank ob- 
ferves two dif- 


vyire of his trough apparatus terminated at the furface of the 

watef. 


* 
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water, the filver end emitted from the waterabrulb of fire, ^tf er *At kinds of 
the fame time that the zinc end produced only a denfe fpark. *** 
Thiscircumftance induced him tofuppofe that the filver was ii* 
the plus and the zinc in the minus (late of eleCtricity, which in- 
deed agrees with Bennetts original experiments, though it diA 
fers from the account given by Mr. Nicholfon in his firft paper, 
and alfo from the experiments of Dr. Wollafton, Dr. Van 
Marum, and others, as we (hall lee below. 

Dr. Wollafton read a judicious paper to the Royal Society, Dr. Wollafton. 
which appeared in the TranfaCtions for the year 1801. He gagese'lcftric^^ 
remarks, as Mr. Davy had previoufly done, that the energy of* * 

the pile feems proportionate to thedifpofition which one of the 
plates has to be oxidated or aCted upon by the inter po fed fluid. 

If a piece of filver and a piece of zinc be immerfed in diluted 
fulphuric acid, the zinc immediately begins to decompofe the 
water and to evolve hidrogen ; the filver is not aCted upon, 
but if webring them into contact, the filver alio begins to pro- 
duce hidrogen. He therefore concludes, that in the folution 
of a metal by an acid, eleCtricity is always difengaged. In from the amal- 
order that the electrical machine fhould aCt flrongly, it is ne- *** 

ceflkry that the amalgam upon the culhion (hould be compofed 
of a metal which is eafily oxidated ; the DoCtor alfo found that which will not 
anele Ctrical machine plunged into carbonic acid gas is incapable ctrbon,c 
of being excited. He concludes by the opinion which was fug- 
gefteci by Mr. Nicholfon, that electricity andgalvanifm are the 
fame principle, but that in the latter it is generally met with 
in large quantity, but in a date of low intenlity . Dr. Wollafton He firft pro- 
coated two filver wires, leaving the ends only of them expofed i^ccffeia on**" 
thefe wires were connected with the two conductors of an elec- water by com- 
trical machine, and the fpark was taken from one to the other mon eleCtricity, 
through a folution of copper : he found that the end of the wire 
connected with the negative conductor was covered with re- 
duced copper; no change had taken place in the other end. 

The negative conductor appears therefore, from thefe experi- 
ments, to correfpond with the filver end of the pile. 

Mr. Davy's very curious difeovery, that a galvanic pile Mr. Davy’s pile 
might be conftruCted by one metal alone, provided its different with fingle 
furfaces were expofed to the aCtion of different fluids, has been mcuI * 
already announced : In addition to thefe faCts the fame intelli- 
gent experimenter informs us, in the firlt vol. of Nicholfon's 
Journal, N. S. that he has conftruCted a galvanic apparatus 

which 
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and of charcoal 
with no metal. 


Volta’s account 
of hit own the- 
ory. 


Dr. Van Mar um 
charges a large 
battety by gal- 
vaniftn* 


Dr. Prieftley’s 
experiments. 


GalvanSfm faid 
not to a €t on 
water under oil; 


which contains no metal, and which confifts folely of piece* of 
charcoal, which have their different fide* expofed to the adion 
of different fluids. 

In the fame volume there is an account of a paper written 
by Volta himfelf ; but from the opinions which are advance4 
in it, we may conclude that he was unacquainted with many 
of the moft interefting circumftances which had been obferved 
in this country, refpeCting the operations of the apparatus ori- 
ginally difcovered by himfelf. 

In the 40th volume of the Annales de Chimie, is a letter 
from Dr. Van Marum to Sig. Volta, containing an account of 
experiments performed in order to compare the effe&s of the 
galvanic pile with thofe of the great Teylerian machine at 
Haarlem. Both Angle jars and batteries were charged by 
means of the galvanic pile, and in all cafe# they were charged 
to the fame degree of intend ty with that which the pile itfeif 
indicated to an electrometer. When the zinc was at the top 
of the pile, and communicated with the iniide of the jar, the 
electricity of the iniide was found to be ppfi tive, and when the 
pile was reverfed, it was negative* It was found that the 
fhocks given by the battery charged from the eieCtrical ma- 
chine, were not perceptibly different from thofe given by the 
battery when charged to an equal intenffty by the pile. By 
conffruCting a pile of large plates of zinc and copper, he was 
enabled to fufe thick iron wires ; he even fucoeeded in fuling 
a wire of platina. He found that piles which confift of the 
fame number of plates, but of different diameters, give equal 
intend ties and equal (hocks; yet thofe with the larger plates 
he found to be condderably more powerful in fudng metals. 

In the drft volume of Nicholfon's Journal, N. S. is a letter 
from Dr. Prieftley on the pile of Volta. It contains a number 
of interefting experiments performed by this venerable philp- 
ibpher, principally with a view of eftabliihing his favourite by- 
potheds of phlogifton, to which he ftill adheres. Some of the 
faCts which he notices had been previoufly obferved in Eng- 
land, though from his remote dtuation he had not the opportu- 
nity of becoming acquainted with them. He interpofed four 
glades of water between the two ends of the pile ; the glades 
were connected by means of diver wires, and the ufual opera- 
tions went on at the legs of the wires ; but it was found that 
when one of the portions of water had its furface covered with 

oil. 
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oil# the adlion was fu fpended in the whole of the glades. This confirmed, 
experiment has not, however, been found to.anfwer in Eng- 
land. 


Theory of the Aftion qf the Galvanic Apparatus. 

THE phenomena of the galvanic pile, which at firft view Elementary pw 
appear almoft incapable of being arranged into any (yftematic 
fbrm, may, I think, be all eafily explained by admitting the 
truth of the three following populates, lft , That the elediric T ; Ele&ricity It 
fluid is always liberated or generated when a metal or any ox- Sxiiation. <,U *. n ^ 
idabJe fubftance is united to oxigen ; 2 dly, That the elediric Ble^ricity 
fluid has a ftrong attraction for hidrogen ; and, 3 dly, That hfdr^en?^^* 
when the elediric fluid, in patting along a chain of condu&ors, Elearicity paffea 
leaves an oxidable fubftance to be conveyed through water, it trough water 
unites itfelf to hidrogen, from which it is again difengaged in combination 
when it returns to the oxidable conductor. Wlth hidrogen. 

The firlt of thefe propofitions may be confidcred as almoft Nature of the 
proved by the experiments of Fabroni, Davy, and Wollafton ; proof,# 
the fecond and third have not been diredlly eftabl idled by ex- 
periment, but will not appear improbable when it is feen in 
what a Ample and eafy manner they account for all the pheno- 
mena hitherto obferved. In endeavouring to explain the adlion 
of the pile, two diftindl fubjedls of inquiry prefent themfelves ; 
lft. What are the operations carried on at the ends of the wires 
in the interrupted circuit, as difcovered by Mr. NichoKon ? 
and, 2 dly. What is the operation carried on in the body of the 
pile itfelf? 

As the current of the elediric fluid appears to pafs from theThenry wWk 
gsinc or plus end of the apparatus to the ftlver end, we muft chdfonVt*be!r 
hr ft endeavour to pfcertain the adlion which takes place at the Eh ptflet Ao* 
pine end of the wire. This in fact appears to be the difen- frtomyrfciTlw 
gageroent of oxigen in a concentrated ftate, by which the wire water: the ox- 
itfeif, when oxidable, is corroded, but which, when the wire is 
formed of a perfedt metal, is difengaged in the form of oxigen the metal: — 
gas. This oxigen appears to be derived from the decompofir 
tion of the water in which the wire terminates, in confequeuce 
of the attradlion which the eledtrical fluid poflefles for hidrogen, 
and its incapacity of palling through water without being united 
io this fubftance, according to the fecond and third poftulates. 

The 
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The ele&ric fluid thus united to hidrogen, is carried to the 
vifibly 4 » the other point of the wire, where, upon entering the oxidable 
other point, condu&or, it is difengaged in the form of hidrogenous gas, if 
h abforbed and Water be the medium of communication ; if a folution of a me- 
the tatter be- tallic oxide be employed, it unites with the oxide, and reduces 
or iTthe flVid The decora pofition of water is therefore effected at the 


contain oxide, it zinc point alone, though the different gafes which compofe it 

reduces the me- are difengaged at each of the points ; and this procefk will 
tal and again , , . . 

forms water, continue even when the points terminate in two different por- 
tions of water, as was difeovered by Mr. Davy, provided that * 
the glafles are united by a conduftor which is not oxidable. 

Theory of the This may be confidered as a general explanation of the firfl 
apparatus or pi . 0 p inquiry ; we muff next proceed to invefligate the na- 

ture of the operation carried on in the body of the apparatus 
itfelf. In the conftru&ion of the pile there are two points which 
are effential to its action ; 1 ft , That the ele&ric fluid be difen- 
gaged ; and, 2 dly. That it be confined and carried forward in 
one dire&ion, fo as to be concentrated in the end of the appa- 
The oxidation of ratus. The firft object is evidently attained by the oxidation 
b C ^ tbezinc or ot ^ er oxidable body employed. If both tides of 
which decom- the zinc were oxidated, the electric fluid would indeed be li- 
P°fc s 'dted^ k eratec ^ but it would be immediately difperfed, and its eflfe&s 
by the hidrogen; could not be obferved. As foon, however, as the ele&ric mat- 
ter is evolved, it is immediately attracted by the hidrogen, 
which is at the fame time neceflarily generated in the fluid 
and therefore which oxidates the metal, and it is by this means conveyed 
paffes to the^fil- acro f s the wa ter to the filver plate, when two metals are ufed; 
Jluid 9 and not or, in other cafes, Amply to the oppofite furface of the oxidat- 
the reverie. ing fubftance, The eledric fluid then enters the lilver plate, 
nlwuoxWating^ 6 an d inftantly paffing on to the contiguous zinc plate, arrives at 
furface adds to a fecond oxidating furface. The fame feries of events which 
ST aiuMncreafes ^ ave ^ een described is here repeated, except that the ele&ric 
the oxidation; fluid being in fome degree accumulated in the metallic plate, 
is difengaged by the fecond oxidating furface in larger quan- 
tnd this tity, and in a more concentrated ftate, than before. By pur- 
with th^number ^ u * n S fame train of operations, it is eafy to fee how the 
•f pairs. electric matter will continue to be accumulated in each fuccef- 
five pair of plates, until, by fiifficient repetition, it may be made 
to exift in the zinc end of the pile in any afligned degree of 
force. 

Having 
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Having thus exhibited a general view of the hypothefis Hematics and 
which has fuggefted itfelf to my mind, as affording a Ample 
explanation of the phenomena, without offering violence to 
any of the generally received opinions refpeCting chemiftry or 
electricity, I (hall proceed to illuftrate its truth, by applying 
it to the explanation of fome of the molt remarkable properties 
of the pile. It is Aifficiently obvious that upon thefe principles 
the aCtion of the pile will continue as long as the furface of the 
zinc continues to be oxidated, and that, the fize of the pile re- 
maining the fame, its energy will be proportionate to the rapi- 
dity of this operation. The real difference between the two 
ends of the apparatus will appear to be not fo much a differ- 
ence in the abfolute quantity of electrical matter contained in 
them, as a difference in the direction of its current; becaufe 
exaCily the fame^quantity of fluid which paffes out of the zinc 
end muff be received at the filver end, when a communica- 
tion is eftablifhed between them. It may be farther remarked, 
that when the pile is conftruCted as directed by Volta, begin- 
ning with zinc, then filver, card and zinc, &c. though the zinc 
forms the bafis of the pile, yet as no change takes place in the 
eleCtric fluid during its paffage from the filver to the zinc, this 
might with equal-propriety have been called the filver end: in 
order, however, to avoid confufion, the ufuai language has been 
adopted in this paper ; the terms difcharging and receiving ends 
would be more appropriate. 

It has excited a good deal of furprize, that, in the experi- Confidentioas 
ments of Mr. Davy and Mr. Cruickfhank, apparatuses, con- ^5^ 
firuCted of various fliapes and of fuch very different materials, and Cruidt/ 
fliould be capable of producing the fame operations. We may 
in a few words enumerate the circumftances which are effen- 
tial to its formation. \fi . An oxidable fubffance, one end or 
fide of which only is to be oxidated ; 2d, A fubftance from 
which the eleCtric fluid generated during the oxidation can ab- 
ftraCt hidrogen : thefe two fubftances muff be alternately ar- 
ranged, either perpendicularly or horizontally; the firft fets the 
fluid at liberty, the fecond confines it and conducts it in the 
proper direction. When we admit the neceflity of the oxida- 
tion of the zinc, we immediately fee the reafon why the pile 
iceafes to aCt when perfectly pure water is interpofed between 
the plates, why the aCtion is fufpended in vacuo and increafed 
h oxigen gas. The hypothefis advanced above (hews us how 
“ - an 


Digitized by v^ooQle 



\Z HISTORY OF GALVANISM'. 

an apparatus may he conftruded of one metal and charcoal, of 
one metal alone, or even of charcoal alone, provided a proper 
cation of the* * n * er P°kd to each furface. The experiment related 

gafcs hiVeparate Mr. ^ av y> where, upon uniting the ends of the pile to two 
yeflels. glafles of water by means of mufcular fibres, while the glafles 

themfelves were connected by a filver wire, the effects of the 
ends of the wire were reverfed, admits of a fimpie Solution. 
The fluid muft have been conducted along the fibres (olely in 
■confequence of the moifture attached to them ; when it left 
the plus end of the pile it would therefore decompofe part of 
this water, and pafs along in union withhidrogen to the (ilver 
wire, where the hidrogen would be difengaged. The other 
end of the filver will then become oxidated, and the hidrogen 
abforbed will be evolved at the minus end of the pile. 

Fourcroy and I have protraded this communication to fo pnufual a length, 
rlmen^tha^the ^ at * ^d one additional remark with refped to the 

power of giving fad firft afeertained by Fourcroy, that the power of the pile in 
^.rntng a wtrede-^ ivin ^ fl * ock# “ proportionate to its power in confuming 
pend on the mode metals. A few alternations of large plates are more powerful 
©fhuilding the effeding the latter operation, while the fame quantity of 
metal employed in conftruding a higher pile of left diameter, 
referred to elec- affords a more powerful (hock. It appears from every cir- 
cxhibitiiig th*e h* that the force of the (hock depends almoff entirely 
fame refult with upon the concentration of the eledric fluid ; the fame quantity 
coated jars. which, when contained in a few jars highly charged, would be 
fufficient to deftroy animal life, if difperfed over 100 jars would 
be fcarcely perceptible. On the other hand, in the combuftion 
of metals the abfolute quantity of eledricity is of great impor- 
tance; provided the current be rapid (which, from the experi- 
ments of Dr. Van Marum, appears to be the cafe with the pile 
of Volta in an amazing degree), and if the quantity of fluid be 
confiderable, its ftate ofintenfity is of left moment *. The in- 
telligent reader will at once perceive in what way the fad ob- 
ferved by Fourcroy admits of explanation from this train of rea- 
foning. 

* Cuthbertfon firft obferved in a letter to me (1793) the ftriking 
faft, that the combuftion of equal lengths of the fame wire is made 
by equal quantities of eledricity, whether the intenfity be greater or 
left (within certain extended limits). See Account of Experiments. 
Philof. Journal, quarto, II. 215, Auguft, 1798.— N. 
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On the Juppqftd Exijlencc of Mechanical Depofits and PetrefaStions 
in the Primitive Mountains , and an Account of PetrefaStions 
which have been dij covered in the nezveft Flotz Trapp formation. 

By Mr. Robert Jameson. Communicated by the Author . 

(3lJR globe, according to the Wernerian geognofia, even The primititt 
daring the depofilion of the newer primitive ftrata, appears to t^edVrom , 
have been covered to a great height with water, as is evinced great depth of 
by the want of all mechanical depofit *. Aflcr th e p rec ipi- the^lobe* 
tation of thefe great rock formations, the level of the water 
became fo low, as to allow it toad mechanically upon the fub- 
jacent rocks ; this occafioned the firft mechanical depofition. The tranfition 
which difeovers itfelfin the tranfition rocks (Ubergangsge- roclw w hen the 
biirge). Nearly at the fame time organization commenced, ^v^kh'tlm^^ 
as it is in the tranfition rocks we find the firft traces of organic organisation be* 
remains : thefe are generally zoophytes and fea plants, a fad gan * 
which goes deep not only into geology, but nafuraj hiftory. 

ProfefTor Playfair, in his illuftrations of the Huttonian the- Jnftances of me* 
ory, mentions feveral inflances of mechanical depofits and ciian jcal depofit* 
petrefadions which have been difeovered among the primary ofifered b7 Pro^* 
ftrata, and from thefe he concludes, that no fuch feries of ftrata f®®> r Playfair* 
as the tranfition exift. I flia.Il now examine the ftatementshe 
has given ; and firft refpeding the occurrence of petrefadions 
in primary mountains. 

At page 164* he obferves, “ Another fpot, affording in- shells in primi- 
fiances of fliells in primitive limeftone, is in Devonfhire, on . t,vc Iim f : 
the fea fhore, on the eaft fide of Plymouth dock, oppofite to q” Plymouth^ 
Stonehoufe, I found a fpecimen of fhiftofe micaceous lime-* c * 
ftone, containing a Ihell of the bivalve kind ; it was ftruck off 
from the folid rock, and cannot poflibly be confidered as an 
adventitious foffil. Now, no rocks can be more decidedly 
primary than thofe about Plymouth ; they confift of calcareous 
ftrata, in the form either of marble or micaceous limeftone, 
alternating with fhiftus of the fame kind, which prevails through 
Cornwall to the weft, and extends eaft ward into Dartmoor, 
and on the fea coaft as far as Berry Head. Thefe all inter- 

* The exception to this in the fienite formation I explained in a 
former paper# 

fed 
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mechanic At deposits lir mountains, 

fedt the horizontal plane in a line from eaft to weft nearly \ 
they are very eredt, thofe at Plymouth being elevated to the 
north.” That petrefadtions exift in the limeftone at Plymoutli 
is evident; but that thele ftrata are primitive, ftill remain to 
be proved. The charadler given of the limeftone does not 
exclude it from the tranfttion ftrata ; but of the (hiftus we can- 
not judge, as neither its orydtognoftical, or geognoftical eha- 
radters are given. The other inftances which are alluded to, 
are liable to the fame objedtion. I cannot therefore agree with 
Profeflor Playfair in believing “ Though, therefore, the re- 
mains of marine animals are not frequent among the primary 
rocks, they are not excluded from them ; and hence the ex- 
iftence of (hell fifli and zoophytes, is clearly proved to be an- 
terior to the formation even of thofe parts of the prefent land 
tvhich are juftly accounted the moft ancient.” 

Profeflor Playfair agrees with Dr. Hutton in affirming, that 
vegetable matters occur in the primitive ftrata : I do not find 
it neceflary to enter into an examination of what they have 
faid upon this fubjedt, as they have evidently confounded a 
geognoftical with an orydlognoftical invelligation. 

I (hall now examine the proofs which Profeflor Playfair has 
brought to eftablifh the exiftence of mechanical depofits in 
primitive ftrata* 

Thefirft we meet with is from Sauflurc. Profeflor Playfair 
remarks, “ St. Gothardis a central point, in one of the great- 
eft tradls of primary mountains on the face of the earth, yet 
arenaceous ftrata are found in its vicinity. Between Ayrolo 
and the Hofpice of St. Gothard, Sauflure found a rock, c.om-« 
pofed of an arenaceous or granular pafte, including in it horn-* 
blende and garnets. He is fomewhat unwilling to give the 
name gres to this ftone, which Mr. Beflon has done ; but he 
neverthelefs defcribes it as having a granulated ftrudture.” 

The rock of Ayrolo is primitive, and is either gneifs or mica 
date. Garnets are feldom found in gneifs, but are charadte- 
riftic for mica (late ; the geognoll, therefore, would not heft* 
tate to confider the rock here mentioned as belonging to mica 
date. 

Profedor Playfair continues, €t Among the moft indurated 
rocks that compofe the mountains of this idand, many are are- 
naceous. Thus, on the weftern coaft of Scotland, the great 
body of high and rugged mountains on thfe (bores of Arafaig, 

&c. 
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& c. from Ardnamurchan to Glenelg, confifts, in a great mea* 
lure, of a granitic fandftone, in vertical beds. This ftone 
fometimes occupies great tra6ts ; at other times, it is alter- 
nated with the micaceous, and other varieties of primary 
(hiftus ; it occurs, like wife, in feveral of the iflands, and is a 
fofiil which we hardly find defcribed or named by writers on 
mineralogy.” 

The granitic fandftone of Glen-elg is moft certainly gneifs *, Ohf. This gra- 
and a variety which is not uncommon ; and I may venture to ^5^ andftone If 
fay, that the ftrata in Arafaig, &c. are of the fame nature. 

ProfefTor Playfairconcludes with dating the following exam- Other examples 
pies, as a further confirmation of his opinion — “ Much a ^° o^Qranulated^* 
a highly indurated, but granulated quartz, is found in feveral quartz in bed* 
places in Scotland, in beds of ftrata, alternated with the com- 
mon (hiftus of the mountain. Remarkable inftances of this 
may be feen on the north fide of the ferry of Balachulifh, and 
again on the fea fhore at Cullen. At the latter, the ftrata are 
remarkably regular, alternating with different fpeciesof (hiftus. 

At the former, the quartz is lo pure, that the ftone has been 
miftaken for marble. 

“ Thefe examples are perhaps fufficient ; but I muft add, 
that in the micaceous and talcofe fchifti themfelves, thin layers 
of fand are often found interpofed between the layers of mica 
or talc. I have feen a fpecimen from the fummit of one of the 
higheft of the Grampian mountains, where the thin plates, of 
a talcy .or afbeftine fubftance, are feparated by layers of a 
very fine quartzy fand, not much consolidated. The moun- 
tain from which it was brought, confifts of vertical ftrata, 
much interfered by quartz veins. It is impofiible to doubt. Whence he 
jn this inftance, that the thin plates of the one fubftance, and c ? ncludcs that 
the fmall grains of the other, were depofi ted together at the (mTchanl^* 
bottom of the fea, and that they were alike produced from call y) ** the 
the degradation of rocks more ancient than any which now famc time * 
exift.” 

I am furprized ProfefTor Playfair (hould adduce granular Obf. Granular 

quartz as a proof of mechanical depofition, as it has no more < l uar t t * * s “°t * 
i • c i i • f _ t /• «i • v /• mechanical, but 

claim to luch a character than granite. The following obfer- a chemical depo- 

▼ations will render this evident ; granular quartz differs from . 
aaica Hate, in the abfence of the llaty fratture, and mica ; we from mica flace 

in the abfence of 

* Mineralogy of the Scottifh ifles, vol, ii, p. 160, llaty fracture* 

have, but the terica 
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Between each have, however, a feries from the raoft complete granular quart* 
«re gradual. f 0 fo e mo ft perfect mica flate. Again, mica flate, which dif- 
fron^gn'e^'in 618 ^ ers fr° m g ne ^ s > in wanting felfpar, is to be obferved in all. 
wanting felfpar; the intermediate ftages until it pafles into complete gneifs; 
tranfitfonis 0 ^ £ ne *k> which is principally diftmguifhed from granite by 
equally gradual, rts ffaty fraCture, gradually lofes this fracture, ind at length is 

And gneifs dif- no t b e diftjnguifhed from granite. Thus we have a coni- 
fers from granite , 1 • r t n t , 

by its flaty frac- plete gradation from the pirrelt granular quartz to granite, ana 
tute, which it not only in hand fpecimens, but in the mountains themfelves. 
lofes! dUally I* therefore follows, that if granular quartz is a mechanical 
The gradation depofif, fo is granite, a petition which I believe the Hutto* 

*“tfttF«Ue nian f y ftem would not allo « r - 

being perfect, That the granular quartz fhould occur fometimes of a very 
moreT mecha- ^ 00 ^ e * exture ; nay, even as Profeflor Playfair remarks fandy, 
nical depofit is not furprizing, for in granite and bafah we have fimilar ap- 
LcSe^textur^is P e ^ ran ^ es * Even in veins, which to ufe ProfefTor Playfair's 
no proof of me- own words, bear all the marks of complete fufion, layers of 
chanical depofi- granular quartz> from the moft compact to the loofenefs of fand 
and layers of have been obferved. The gFeat fand veins in the Hart* af- 
fand are found ford remarkable itiftances of this; alfo, as I have more lately 
In thiTvofeanic difcovered, the lead veins at Wantock-head in Lancafhire. 

theory are faid 

to bear every Account qf Organic remains which hard been dijbovered in the 
pl! r tefufion m ‘ ntivefi Flotz Trapp formation. 

Oeneral obfer- Many different accounts had been given of the sreosrnoftie 


to bear every Account qf Organic remains which hard been difeoxered in the 
pl! r tefufion m * ntivefi Flotz Trapp formation. 

Oeneral obfer- Marty different accounts had been given of the geognoftie 
nations. relations of the rocks of th« formation, before they engaged 

the attention of Werner, the great founder of true geognofia . 
After having made the remarkable difeovery upon the hill of 
Scheibenberg, he extended his inquiries to aft the bafalt hills 
in Genfcany, and found in every quarter correfponding ap* 
pearances. This confirmed more completely the conclufions 
he had then drawn, and intirdy overthrew the volcanic fyf- 
tem. He however did not ftop here ; his after obfervations 
difclofed a connexion among thefe appearances, which at firft 
he was not probably awafe of ; they placed the Neptunian 
fyftem beyond the reach of attack, and completely annihilated 
a hoft of hy pothe fes . He proved, 

Reftrits. i. That 1 . That this is the ne weft of all the great rock formations, 
this is the new- 0 f which the cruft of the earth is compofed. 

Jocks. ^ 8fCat That ^e apparently unconnected hills and mafles of 

That all the this formation, have formerly flood in connection with each 
now unconnec- 

3. That 
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3. That it exifts in all quarters of the globe. ted mafles of 

Thefe fadts lead him to the great difcovery, that this for- ^I* c 
mation at one time, extended as a cover around the whole ne&ed. 
earth. From thefe obfervations it is evident, that we may 3^ That ite *- 
expedl to meet with veftiges of many of the organic and un- 4 . That it for- 
organic matter which at that time exifted upon the cruft of the 
earth, in the rocks of this formation. Accordingly, the in- and m uft con-* 
veftigations of geognofts have difcovered organic remains in tain organic r«- 
every rock of this formation $ the following are given as^ in- mam,# 
fiances : 

Organic remains in Greenjlone, Bafalt, Wacke, and Trapp 
Buc'cin. 

QUADRUPEDS. 

1. Werner in his geognoftic ledlures, informs us that the Organic remain® 
wacken of Kalten-nordheim is fometimes found to contain [ n 8J’ ee U ftone » 

bafalt, See. 

deers horns. found j vi*. of 

2. The Abbe Fortis difcovered the head of an unknown quadruptds. 
animal in a foft wacken, in the valley of Ronca in the Vero* 

nefe. Vide Befchrebbung des Thales Ronca , f. 96. 

3. Sauflure obferved bones of quadrupeds in the wacken of 
the catacombs of Rome. 

Lettre a Mr. le Chev. Hamilton, J. de Phyfique. Tom . VII. 

SHELLS and ZOOPHYTES. 

1. Dr- Richardfon found (bells in rocks of the Trapp for- of (hells and 
mation at Bally caftle in Ireland. — Kirwan*s Geol. Effaj/s. zoophytes. 

2. Mr . Von Buch informs us, that in the county of Lan- 
deck, he obferved a bed of wacken, which contained befides 
pebbles of chalcedony, turbinites in a (late of complete pre- 
fervation. Verfuch einer mineraiogiften Vefchreibung von Lan - 
deck, von Leopold von Buch. f. 35. 

3. Abbd Fortis obferved numerous petrefadlions of (hells in 
Wacken, and Trapp Breccia, aifo a few in Bafalt, in the for- 
mation of the valley of Ronca. 

4. Berolding found a cornu ammonis, which dill retained 
its mother of pearl luftre, in the bafalt of Torez. In the ba- 
falt of Thurgau, near the Boden lake, he obferved gryphites, 
ammonites, and glofTopetrae, Chem. Annul. 1794, p. 103. 

5. In the Wernerian colled! ion of petrefadlions I faw fpe- 

cimens of green (lone, containing petrefadlions of (hells. ' 

Vol. III. — September, 1802. C VEGE- 
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Of vegetables, VEGETABLE REMAINS. 

1 . Werner obferved great trees, with branches, leaves, and 
fruit, in the wacken, at Joachirafthal. 

2. Friefleben deferibes the impreflion of a plant in the 
Kawfower Berg, near to Podfedlitz. 

3. In the i Hands of Banna and Skye I obferved pieces of 
wood in Trapp Breccia, and Mineralogy of the Scottifli ifles, 
vo! % ii. p. 58 — 75. 

Organic remains Organic remains found in flaty clay, limeftone, and fand« 
limeftone^and ^ one > which belongs to the Flotz Trapp formation, 
fandftone, of this 

formation. SHELLS. 

Shells. 1 . Abb6 Fortis, in his account of the valley of Ronca, in- 

forms us, that limeftone and flaty clay often alternate with 
bafalt, wacken, and trapp breccia. The limeftone and flaty 
clay contains numerous petrefadlions of (hells, which are of the 
fame kinds with thofe found in the bafalt, wacken, and trapp 
breccia. 

2. In the ifland of Eigg, where there appears to be a fimi- 
lar formation with that of Ronca, I obferved that the lime- 
ftone, flaty clay, and fandftone, contained numerous petre- 
fa&ions of (hells. Mineralogy of the Scottifli ifles, vol. ii. 
p. , 

Of vegetables* VEGETABLE REMAINS. 

1 . At the northern extremity of the ifland of Skye, where 
bafalt alternates with limeftone and flaty clay, I obferved 
pieces of carbonated wood in the limeftone. Mineralogy of 
the Scottifh ifles, vol. ii. p. 80 *. 

2. In the flinty fandftone, which ufually accompanies this 
formation, I have obferved branches of (hrubs; vegetable 
matters that occur inveloped in rocks are generally, either 

' carbonated or bituminated, here however they are not altered. 

R. JAMESON, 

Sheriff* Bra, Leith. 

* Mr. Kirwan, in the firft volume of his Syftem of Mineralogy, 
has given us an excellent account of the different opinions refpe&ing 
the formation of bafalt; and has adduced many arguments that 
fhewthe fallacy of the Volcanic and Plutonic hypothefls. 

POSTSCRIPT, 
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POSTSCRIPT. 

Since writing the inclofed, I have examined one of thofef 
appearances, which are confidered by Dr. Hutton and Pro- 
feflor Playfair, as demonftrating the exiftence of petrefa&ions 
in primitive mountains. Dr. Hutton, at p. 334 of his Theory 
of the Earth, remarks, (t I have already obferved, that one Dr. Hutton’s 
Angle example of a (hell, or of its print, in a fchiftus, or in a 2asTo Acw tha 
fione ftratified among thofe vertical or erebted mafles, fuffices mechanical on- 
to prove the origin of thefe bodies to have been, what I had gmof ? nn J ,t,ve 
maintained them to be, water formed ftrata created from the the exiftence of 
bottom of the fea, like every other confolidated ftralum of the or E* nic fCnaain8t 
earth. But now, I think, I may affirm that there is not, or 
rarely, any confiderable extent of country of the primary kind, 
hi which fome mark of this origin will not be found, upon 
careful examination ; and now I will give my reafon for this 
affertion. I have been examining the fouth alpine country of 
Scotland occafionally, for forty years back, and I could not 
find any mark of an organized body in the fchiftus of thofe 
mountains. It is true, that I knew of only one place where 
liraeftone is found among the ftrata : this is upon Tweedfide 
near the Crook. This quarry I had carefully examined long 
ago, but could find no mark of any organized body in it. I 
fuppofe they are now working fome other of the vertical ftrata 
near to thofe which I had examined : for, in the fummer of 
1792, I received a letter from Sir James Hall, which I (hall 
now tranfcribe. It is dated Moffat, June 2, 1792. 

“ As I was riding yefterday between Noble Houfe and the Sir James Hair# 
Crook, on the road to this place, I fell in with a quarry of account of orga- 
alpine limeftone ; it connfts of four or five ftrata, about three limeftone ftated 
feet thick, one of them Angle, and the reft contiguous ; they primitive, 
all ftand between the ftrata of (late and fchift, that are at that 
place nearly vertical. In the neighbourhood, a (late quarry 
is worked of pure blue flate ; feveral of the ftrata of date near 
the limeftone, are filled with fragments of limeftone (battered 
about like the fragments of fchift in the fandftone, in the 
neighbourhood of the jun&ion on our coaft. Among the 
maftes of limeftone lately broken off for ufe, and having the 
frablure frefti, I found the forms of cockles quite diftinbt, and 
in great abundance. I fend you three pieces of this kind,” 
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It may perhaps be alledged, that thofe mountains of Cum- 
berland and Tweedale are not the primary mountains, but 
compofed of the fecondary fchiftus, which is every where 
known to contain thefe objects belonging to a former earth. 
Naturalifts who have not an opportunity of convincing them- 
felves by their proper examination, mult judge with regard to 
that geological fadt by the defcription of others. Now it is 
molt fortunate for natural hiltory, that it has been in this range 
of mountains that we have difcovered thofe marks of a marine 
origin ; for, I lhall afterwards have occafion to give the clear- 
ed light into this fubjedt, from obfervations made in other parts 
of thofe fame mountains of fchift, by which it will be proved 
that they are primary ftrata ; and thus no manner of doubt will 
remain in the minds of naturalifts, who might otherwife fuf- 
pedt that we were deceiving ourfelves, by miltaking the fe- 
condary for the primitive fchiftus. 

IhneftoM ^ r ’ Hutton’s account of the mountains in the fouth of Scot- 

primitive, * anc l ,s confufed and unfcientifical, and hardly comes within 
the pale ot true geognofia. It is not my intention, at prefen t, 
to enter into an examination of his obfervations ; the objedt of 
this pollfcript is to (hew, that the limeftone between Noble 
Houfe and the Crook Inn does not belong to the primitive 
for It lies be- mountains. The beds of limeftone mentioned by Sir James 
tranfition^ate^ * obferved lying between ftrata of tranfition Hate, and 

alternating with this Hate alternating with ftrata of grey wacke ; confequently' 
wacke° f 8rCy whole belongs to the tranfition clafs of rocks. 

Defcription of The limeftone has a blueilh grev colour, fradture is foliated, 
the feveral rocks* the diftindt concretions are from coarfe to fine grained, and it 
is hardly tranflucid on the edges. It is often traverfed by 
veins of calcareous fpar, and foinetimes it contains thin beds 
of flinty Hate (Kiefel Schiefer of Werner). The tranfition 
flate has a blueifh or fmoke grey colour, has generally lefs 
Juftre than the primitive flate, and contains much interfperfed 
mica. I obferved it in all the ftages from nearly pure flate to 
grey wacke. The grey wacke is compofed of fragments of 
tranfition flate, flinty flate, and quartz, comiedled by a bafis 
of tranfition flate. It is frequently traverfed by veins of 
quartz, and is to be obferved where the fragments are hardly 
diftinguifliable from their fize ; it has much the appearance of 
a breccia. I lhall take another opportunity of fending you 
drawings of the different kinds of petrefadtions that occur in 
(he limeftone. 

IV. A 


for it lies be- 
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IV. 


A Method of increafmg the Senfibility of the Barometer, ad libi- 
tum. By the Rev . James Wilson, A , M . Communicated 
by the Author . 


Though there have been many contrivances for making Contrivances to 
barometers with indefinite fcales, they all feem to labour under ^ 

fome difficulty either in their conftrudlion or ufe. nmeter 

The evaporation of water in that of DesCartes, the fluggilh * atcr » by 

_ \ .... . - , 00 horizontal or m- 

motion of the mercury in the horizontal and diagonal ones, the c i; Be( j c Nurmis, 
fridtion in Dr. Hooke's, and the unfteadinefs of floating bodies by d mc £ ha " i> ™ 
in Rownings, have rendered thefe ingenious contrivances have not prove< | 
fcarce preferable to the common vertical one. ufefal. 

None of thefe defe&s, I believe, will attach to that which I Defcription of a 
propofe. It is as follows: (See Fig. 1. Plate II.) A B, a tube a m«Ylli™*od* 
differing in no refpedt from that of the common barometer, floats in the 
but that it is wider and longer, fo that a cylindrical rod, q r, jypj^^arome* 
may float freely on the mercury, and that the lower end is ter. 
conne&ed to a fmall bent tube BCD, infiead of being im- 
merfed in aciftern. To the lower end of the floating rod is 
fattened a hair, or fine iron wire, (what I ufed was a piece of 
the Indian weed ufed by anglers) which is brought through 
the mercury, and out at D, fo that the rod may be either 
drawn down, or fuffered to afcend at pleafure. 

Upon the tube C D is a mark N, to which by moving the 
rod* we can at any time bring the furface of the mercury. For 
by drawing it down we force up mercury into each tube, and 
on the other hand, by fuffering it to afcend, we fuffer the 
mercury to defcend in each. 

The furface of the mercury then being brought to this mark, and is drawn 
and the rod being faftened, by tying the hair to the pin E, ^ mercury^iiUhc 
on infpedting it afterwards, we find that the furface of the internal rife 

mercury has moved from N, we are fure there has been fome5 au I es thc iow f r 
. . .. ~ . - - . ... f furface to ftand 

variation in the weight ot the atmotphere, viz. if it has fallen, at a fixed mark. 

we know that this weight has increafed, and vice verfd. 

The variations either at M or N are in a given ratio to the The variations 

variations in the length M N of the fuftained column. p or at the inner < r 

outer furrace am 

the rife or fall at M, is to the fimultaneous fall or rife at N, in proportioned to 

the inverfe ratio of the bafes, or horizontal fedtions of the th , ofc of th( * 

whole column. 

mercury 
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and fo are tbofe 
in the rife or 
faH of the rod ; 
if it be in every 
cafe adjufted to 
the mark. 

And this roea- 
fure may be en 
larged at will. 
Proof. 


mercury at M and N ; namely, as the area of the horizonta 
fedion of the tube D C is to the difference of the areas of the 
horizontal fe&ions of the tube A B, and of the rod. That is, 
jf D, d, and r be the diameter of the tubes A B, DC, and rod, 
as d % : D a — r a , which is a given ratio, and confequently 
each quantity has to the fum of both, which is the varia- 
tion in the length MN a given ratio, e. gr. d % (or D a — r a ) : 

D a + d a -r a . 

The variations either at M or N would therefore, if we 
could meafure them with fufficient accuracy, exprefs truly the 
variation in the weight of the atmofphere. 

But if inffead of attempting this, we move the rod by means 
of the hair until the mercury return to N, by the length of 
rod moved either into the mercury, or out of it, we have an- 
other meafure, and one as long as we pleafe, of the variations 
in the weight of the atmofphere. 

For, fuppofing the mercury to have fallen at N, anyfpace 
N x, and rifen at M, a fpace My, for the adjuftment we 
muff draw down the rod until it has difplaced as much mer- 
cury as will fill the fpace N x, and alfo a fpace y x in the other 
tube of precifely the fame bulk, through which it muff rife at 
the fame time. The length of rod drawn down for each of 
thefe purpofes will have a given ratio to the fpace N x, and 
confequently their fum added to My will have a given ratio 
to it : and thence, as N x is a meafure of the variation of the 
atmofphere, this portion of rod will alfo be a meafure : and 
manifeftly it may be increafed at pleafure by leflening the 
thicknefc of the rod. 

This appears as follows. The proportion of the rife in one 
tube to the fimultaneous fall in the other upon any change of 
the weight of the atmofphere, was above determined to be as 
1 1 

; • k®* 9 ke the quantity of mercury transferred from 

one tube to the other, the heights My and N x will be = 
I q 

X)* ’ !!", ’* and and the fum of thefe is the variation which 
would take place in De Luc’s barometer. 

q 

The variation My = is feen on the rod without 

• . 9 

moving it ; upon moving it there is added to this, firff, -pr 

to 
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to occafion the afcent N x (the bulk of rod drawn down for 
that purpoie being = to the bulk of q, and thence its altitude 

=-pz ) and fecondly, to occaflon the equal (imul- 

taneous afcent y x (lince the bulk of rod drawn for that pur- 
pofe is greater than the bulk q in the ratio D 4 — r 4 : d 4 , and 
q D 4 — or 1 

therefore equal to ^ and its altitude equal to 


9D a -fr*\ 
d 4 r 4 ' 


The fum of thefe three — 2— 4 — — + ; --4 — * s 

D 4 r 4 r 4 d 4 r a 


whole variation feen on the rod. This is to ^ — - 4 %r> 

D 4 — r 4 o 

the variation on De Luc’s fcale, (by bringing them to a com- 
mon denominator) as D 4 -2 D X r 4 4- D 4 d 4 4* • D 4 r% 4“ 

d 4 r 4 — r 4 , which is a given ratio ; and therefore the rod af- 
fords an accurate meafure. 

Let a and 1 be the rod fcale, and the common fcale s = 

D 4 -2D 4 r 4 4-D 4 d 4 4-r 4 „ 

— ‘ x — r which by performing the divi- 

r D 4 d 4 d 4 

non gives the infinite feries -r? 4“ ]jr "““fy* 4" 

D 4 . 

•pT the principal term of this quote ; for the fum of the infi« 


nite feries commencing with — 1 


-D 4 + r 


— wki/'K 




ceflarily lefs than a negative unit ; and if d be fuppofed to 
vary, decreafes ftill as it increafes. 

The fcale therefore being increafed in fo trifling a degree 


, D a 

by the increafe of d, may be faid to be as — • 

The narrower the tube D C is I (hould fuppofe the better ; 
iince though the fcale is diminithed in a fmall degree, yet the 
variation N x is rendered more fenfible, which is a point of 
great importance. 

Injury from agitation is thus alfo in fome degree prevented. 

Though we can thus from D, d, and r calculate the fcale. The fcale of thi* 
yet as we can fcarcely meafure them with fufficient accuracy, 

the obfervation* 
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the beft way is to determine it by obfervation, viz. by finding 
how much of the rod exprefles fome larger variation in the 
common barometer, and then taking out the rod and gradu- 
ating, &c. or rather by taking the mean of a great number of 
obfervations. 

Should this be found on a fufficient trial to anfwer the pur- 
pofe, I can point out a method of making it ferve alfo as a 
thermometer. 

Thii barometer Before I conclude, I (hall juft mention the idea which led 
refleafon on an- me to c <>nftru&ion, which though the greateft increafe of 
other conftruc- fcale it gives is 14:1, may poffibly in the end be found to 
tl0n * anfwer better. 

the « ^ed^u 0 ” ^ ^ ruc ^ rae that if we were to pour in water into a long 

face of^a fyphon tu ^ e ^ conne&ed with the tube of the common barometer 
mercuriai baro- as in Fig. 2, or to take out water fo as at any time to bring 
romete 8 r which*” mercury to the fixed point N, the altitude of water either 
may be made to poured in or taken out would give us a meafure for the varia- 

*4 times as bng t * ons ^ ie ^ )arometer fourteen times larger than in the com- 
as the mercurial mon °oe, fince water is fourteen times lighter than mercury, 
change. This is evident from the common hydroftatical principles, as 

the altitude of water poured in is to be a counterpoife to the 
fum of the fall of mercury in A B, and rife in C D, and c con- 
tra, the altitude of water taken out is to be a counterpoife to 
the fum of the rife of mercury in A B, and fall in C D. 

If the tube D F therefore were graduated, it would give a 
fcale 42 inches long, and the rife of water would indicate 
diminution in the weight of the atmofphere and v. v, thence the 
fcale to be inverted. To facilitate the pouring out and in of 
water, let there be a bucket H moveable up and down by 
rack work, or otherwife, from D to F; to this let there be at- 
tached the fyphon S. 

By railing the bucket until the level of the water in it be 
higher than the level of that in thetube, we pour in water at 
pleafure, and e contra , by bringing down the bucket we take 
out water at pleafure. 

This inftrument will have all the advantages of a water ba- 
rometer without its unmanageable length ; nor do I fee any 
obje&ion to it, except perhaps that its appendages are too 
bulky *. 

V. A Summary 

* The principal objection to the ingenious contrivances in the 
prefent communication are, that the refults originally depend on 

the 
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V. 

A Summary of the moft ufeful Parts of Hydraulics, chiefly cx- 
traQed and abridged from Eytelwein* s Handbuch der Mechasuk 
und der Hydraulik . Berlin, 1801. By Thomas Young, 

M. D. F. R. S. * 

THE theory of hydraulics has never been carried to a very state of hydraa- 

high degree of perfedtion upon mathematical foundations alone 

nor has it hitherto, even with the aflidance of experiment, plying it to prac- 

been rendered of much pradtical utility. Newton began the ticc * 

invedigation of the motions of fluids : Daniel Bernoulli added 

to Newton’s proportions much valuable matter, both from 

calculation and from experiment; D’Alembert and many later 

authors have exercifed their analytical talents in inquiries of a 

fimilar nature. But another and a more practicable mode of 

attaining hydraulic knowledge has been attempted by a didindl 

clafs of inveftigators, at the head of whom (lands the Chevalier 

de Buat. Thefe have begun from experiment alone, and have 

laborioufly deduced from very ample obfervations of the adtual 

refults of various particular cafes, the general laws by which 

the phenomena appear to be riegulated, or at lead the formulas 

by which the effedt of new combinations may be predicted. 

But it mud beconfeflfed that thefe formulas, however accurate, 
are too intricate to be retained in the memory, or to be very 
eafily applied to calculations from particular data. 

Mr. Eytelwein, a gentleman already known to the public Mr. Eytelwein's 
by his tranflation of Buat’s work into German, with important 
additions of his own, and honoured with feveral employments 
and titles relative to the public architecture of the Pruflian do- 
minions, has colledted into this compendium of mechanics and 
hydraulics, the principal fadts that have been afcertained, as 
well by his own experiments, as by thofe of former authors, 

the accuracy of adjuftment at V, in which the errors areprecifely the 
fame as in the common barometer. The double barometer affords 
an inftance of a lighter fluid floating on a larger; but with a fome- 
what (hotter fcale than that of fig. 2.— N. 

* This excellent memoir is copied from the Journals of the Royal 
Inftitution. 

efpecially 
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Part i* Me- 
chanics. 


Part 2. Hy- 
draulics. 


Water iffuing 
from refervoirs. 

Law of its velo- 
city : As the 
fquare root of 
the height. 


Another deve- 
lopement. 


efpecially fuch as are the moll capable of pradical application ; 
and he appears to have done this in fo judicious a manner, as to 
make his book a moll valuable abftrad of every thing that can 
be deduced from theory refpeding natural and artificial hy- 
draulics. This elegant concifenefs defer ves fo much the more 
praife, as his countrymen in general appear too often to make a 
merit of prolixity; and we fhall have occafion to remark, that 
belides the convenience of fimplicity, he has fometimes been 
fortunate enough to unite with it the advantage of fuperior 
accuracy. 

The firlt part of the work is but fliort ; it relates to proper 
mechanics, and has little that is remarkably new or interelting. 
In treating of pendulums, the author informs us, with reference 
to another work of his own, that the Rhinlandor Brandenburg 
foot contains 139. IS French lines. Hence it appears that 
100 Rhinland feet are exadly 103 Englifh ; and in this paper, 
the meafures will be reduced accordingly. 

The fecond part, relative to hydraulics, contains befides a 
fliort introdudion, twenty-four chapters, almoit every one of 
which prefents to us fomething of importance. 

Chapter 1 . Of the motion of water flowing out of refervoirs, 
and of the contradion of the flream. 

§ 89. The velocity of water flowing out of a horizontal 
aperture, is as the fquare root of the height of the head of 
water. 

That is, the preflure, and confequently the height, is as the 
fquare of the velocity : for the quantity flowing out in any fliort 
time, is as the velocity ; and the force required to produce a 
velocity in a certain quantity of matter in a given time, is alfo 
as that velocity ; therefore the force muft be as the fquare of 
the velocity. The propofltion is fully confirmed by Boflut’s 
experiments ; the proportional velocities, with a preflure of 
1, 4, and 9 feet, being 2722, 54-36, and 8135, inftead of 2722, 
544-4-, and 8166; a very inconfiderable difference. 

There is another mode of confidering this propofltion, not 
mentioned by Eytelwein, which is a very good approximation. 
Suppofing a very fmall cylindrical plate of water immediately 
over the orifice, to be put in motion at each infiant by means 
of the preflure of the whole cylinder {landing on it, and fup- 
pofing all the gravitation of the column to be employed in ge- 
nerating the velocity of the fmall cylindrical plate, negle&ing 
4 its 
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its own motion, this plate would be urged by a force as much 
greater than its own weight as the column is higher than itfelf; 
and this, through a fpace fhortcr in the fame proportion than 
the height of the column. But where the forces are inversely 
as the fpaces defcribed, the final velocities are equal. (Young’s 
Syllabus, 35.) Therefore the velocity of the water flowing 
Out muft be equal to that of a heavy body falling from the 
height of the head of water, which is found very nearly by 
multiplying the fquare root of that height in feet by 8, for the 
number of feet defcribed in a fecond. Thus a head of 1 foot 
gives 8 ; a head of 9 feet, 24-. 

The well-known circumftance. of the contraction of the The contraction 
dream or vein of water running out of a Ample orifice in a thin of tile ftrcanu 
plate, reduces the area of its leCtion at the diflanoe of about 
half its diameter from the orifice, from 1 to .660 or .666 ac- 
cording to BoflTut, to .631 according to Venturi, and to .64- or 

according to the author's own experiments: hence the 
diameter is reduced to 

The quantity of water difcharged is very nearly, but not Praaical rule fcr 
quite, fufficient to fill this fedion with the velocity due, or cor- 
refponding to the height: for finding more accurately the fquare root of 
quantity difcharged, the orifice mult be fuppofed to be dimi- 
nifhed to .619, or nearly f. Hence we may multiply the fquare city in i fecond* 
root of the height by 5 inftead of 8, for this mean velocity in a 
Ample orifice. 

If we apply the fhorteft pipe that will caufe the ftreatn to Additional pipe 
adhere every where to its fides, which will require its length to the* diameter of 
be twice its diameter, the difeharge will be about of the full the hole require* 
quantity, and the velocity may be found by taking 6| for a ^ nult, P 1,cr of 
multiplier. 

The greateft diminution is produced by inferting a pipe fo Difadvantage of 
as to project within the refervoir, probably becaufe of the greater intcnor P , P c l 

interference of the motions of the particles approaching its 
orifice in all dire6tions : in this cafe the difeharge is reduced 
nearly to a half. 

A conical tube, approaching to the figure of the contra6tion conical, &c. 
of the ftream, procured a difeharge af .92 ; and when its edges 
were rounded off, of .98, calculating on its leaft fe&ion. 

Venturi * has aflerted that the difeharge of a cylindrical pipe Venturi’s coni- 
cal tube j 

* Venturi’s treatife is given entire in our Journal, 4to, Vol. II. 
and III. 

may 
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may be increafed by the addition of a conical tube nearly in the 
ratio of 5 to 2 ; but Mr. Eytelvvein finds this aflertion fome- 
what too ftrong , and obferves, that when the pipe is already 
very long, fcarcely any effect is produced by the addition of 
fuch a tube. He proceeds to defcribe a number of experi- 
ments made with different pipes, where the ftandard of com- 
parifon is the time of filling a given veffel out of a large refer- 
voir, which was not kept always full, as it w r as difficult to avoid 
agitation in replenifliing it, and this circumftance was perfectly 
increafes the dif- indifferent to the refults of the experiments. They confirm the 
fimpfe aperture a lf er ^ on that a compound conical pipe may increafe the dif- 
twicc and a half, charge to twice and a half as much as through a Ample orifice, 
or to more than half as much more as would fill the whole fec- 
tion with the velocity due to the height : but where a confi- 
derable length of pipe intervenes, the additional orifice ap- 
pears to have little or no effedt. 

The chapter concludes with a general table of the co- 
efficients for finding the mean velocity of the water difeharged 
by thepreffure ofa given head under different circumftances. 
Multipliers for For the whole velocity due to the height, the coefficient, by 

determining the w hi c h itsfquare root is to be multiplied, is 8.0458. 
velocity under n r 

different cir- For an orifice of the form of the contracted ftream, 7.8. 
cumftances. For wide openings, of which the bottom is on a level with 
that of the refervoir; for flu ices with walls in a line with the 
orifice; for bridges with pointed piers, 7.7. 

For narrow openings, of which the bottom is on a level 
with that of the refervoir, for fmaller openings in a fluice with 
fide walls, for abrupt projections and fquare piers of bridges, 
6.9. 

For fhort pipes from two to four times as long as their dia- 
meter, 6.6. 

For openings in fluices without fide walls, 5. J . 

For orifices in a thin plate, 5. 

Chapter 2. Of the difeharge of water by horizontal and by 
fmall lateral orifices, in a veffel continuing full, 
particular cafes. The principles detailed in the firft chapter are here applied 
to particular cafes. 

Difeharge Chapter 3. Of the difeharge by rectangular orifices in the 

through a notch a re f ervo j r extending to the furface. 

in the dam, , . , . r 

The velocity varying nearly as the fquare root of the height, 

may here be reprefen ted by the ordinates of a parabola, and the 
4 4 quantity 


Digitized by v^ooQle 



SUMMARY OF HYDRAULICS. 


29 


quantity of water difcharged by the area of the parabola, or 
two thirds of that of the circumfcribing re6tangle. So that the has nearly^two- 
quantity of water difcharged may be found by taking two- j^y J ue t * ^ 
thirds of the velocity due to the mean height, and allowing for mean height, 
the contraction according to the form of the opening, as ex- 
plained in the firft chapter. 

The author has found this mode of calculation fufficiently 
near to the refults of Buat's experiments, and to fome accurate 
obfervations of his own. 

He propofes for example a lake in which a reCtangular Particular exem- 
opening is made without any oblique lateral walls, 3 feet wide, plification " 
and extending 2 feet below the furface of the water. Here 
the coefficient of the velocity, corrected for contraction, is 5.1, 
and the corrected mean velocity ^^ 2 x 5 . 1 = 4.85 therefore 
the area being 6 , the difcharge of water in a fecond is 28.8 
cubic feet, or nearly four hogsheads. 

The fame coefficient ferves for determining the difcharge 
over a were of confiderable breadth ; and hence it is eafy to 
deduce the depth or breadth requifite for the difcharge of a 
given quantity of water. For example, a lake has a were 3 
feet in breadth, and the furface of the water ftands at the 
height of 5 feet above it : it is required how much the were 
mud be widened in order that the water may be a foot lower. 

Here the velocity is ^/5 x 5.1, and the quantity of water 
-f- ^/5 x 5.1 x 3x 5; but the velocity mud be reduced to 

§-^4x5.1, and then the feCtion will 

v/5 x 3 x 5 

=7 . 5 . 4 / 5 ; and the height being 4, the breadth 

7.5 

mud be — 4/5 =4. 1 9 feet. 

Chapter 4. Of the difcharge from refervoirs with lateral By lateral ori- 
orifices of confiderable magnitude, with a conftant head of water. ' co " fl ^ er “ 

This may be found by determining the difference in the dif- 
charge by two open orifices of different heights : but in mod 
cafes the problem may be folved with nearly equal accuracy, velocity due 
by confidering the velocity due to the didance of the centre of to the center of 
gravity of the orifice below the furface. orfficemay be 

Chapter 5. Of the difcharge from refervoirs receiving no taken, 
fupply of water. 

For 
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Itcfervoirs not For prifraatic veflels, all the particulars of the difcharge may 
foppUcd. ^ calculated from the general law that twice as much would 
he cjifcharged from the fame orifice if the veflel were kept full 
during the time which is required for its emptying itfelf. 
(Young’s Syllabus, 245). Where the form is lefs Ample, the 
calculations become intricate, and are of little importance. 
Divided refer- Chapter 6. Of the difcharge from compound or divided 
' m * ru yefervoirs. 

The author obferves from Buat, that the difcharge through, 
an orifice between two refervoirs, below the furface, is the 
fame as if the water ran into the open air. Hence he calcu- 
lates the difcharge when the water has to pafs through fcveral 
prifices in the fides of as many refervoirs open above. In fuch 
cafes, where the orifices are fmall, the velocity in each may be 
confidered as generated by the difference of the heights in the 
two contiguous refervoirs, and the fquare root of the difference 
will therefore reprefent the velocity ; which muft be in the 
feveral orifices, inverfely as their refpe&ive areas; fo that we 
may calculate from hence the heights in the different refervoirs 
A lock filled when the orifices are given. Mr. Eytelwein then confiders the 

a canal. ^f e Q f a which is filled from a canal of an invariable 

height, and determines the time required, by comparing it 
with that of a veffel emptying itfelf by the preffure of the 
water that it contains, ohferving that the motion is retarded in 
hpth cafes in a fimilar manner; and he finds the calculation 
agree fufficiently well with experiments made on a large fcale. 
The motion of water through different compartments of a doled 
cavity is alfo determined. 

Velocity of a Chapter 7. Of the motion of water in rivers, 

river confidered. The fimple theorem by which the velocity of a river is de- 
termined, appears to be the moft valuable of M. Eytelwein’s 
improvements ; although the reafoning from which it is deduced 
is fomewhat exceptionable. The friCiion is nearly as the fquare 
of the velocity ; not becaufe a number of particles proportional 
to the velocity are tom afunder in a time proportionally (hort, 
for according to the analogy of folid bodies, no more force is 
defiroyed by friction when the motion is rapid than when flow, 
but becaufe when a body is moving in lines of a given curva- 
ture, the deflecting forces are as the fquares of the velocities 
(Young’s Syllabus, 40, 35, 46), and the particles of water in 

contact 
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oontaft with the tides and bottom mud be defleded, in confer 
quence of the minute irregularities of the furfaces on which 
they Aide, nearly into the fame curvilinear path, whatever their 
velocity may be. 

At any rate we may fafely fet out with the hypothecs, that Elementary pofi- 
the principal part of the fridion is as the fquare of the velocity. ^> andinduc " 
And the fridion is nearly the fame at all depths : for Profeflor 
Robifon found that the time of the ofcillation of the fluid in a 
bent tube was not increafed by increafing the preflure againft 
the fides, being nearly the fame when the principal part of the 
tube was fituated horizontally as when vertically. The fric- 
tion will however vary according to the furface of the fluid 
which is in con tad with the folid, in proportion to the whole 
quantity of fluid : that is, the fridion for any given quantity of 
water will be as the furface of the bottom and fides of a river 
diredly, and as the whole quantity of water in the river in- 
verfely : or fuppofing the whole quantity of water to be fpread 
on a horizontal furface, equal to the bottom and fides, the 
fridion is inversely as the height at which the river would then 
(land, which is called the hydraulic mean depth. 

Now when a river flows with an uniform motion, and is 
neither accelerated nor retarded by the adion of gravitation, it 
is obvious that the whole weight of the water mud be employ- 
ed in overcoming this fridion ; and if the inclination vary, the 
relative weight or the force that urges the particles along the 
inclined plane, will vary as the height of the plane when the 
length is given, or as the fall in a given diftance (Young’s Syl- 
labus, 54) ; confequently the fridion, which is equal to the 
relative weight, mud vary as the fall, and the velocity which is 
as the fquare root of the fridion, mull be as the fquare root of 
the fall; and fuppofing the hydraulic mean depth to be in- 
creafed or dimini died, the inclination remaining the fame, the 
fridipn would be diminilhed or increafed in the fame ratio; and 
therefore in order to preferve its equality with the relative 
weight# it muft be proportionally increased or diminilhed by 
increafing the fquare of the velocity in the ratio of the hydrau- 
lic mean depth, or the velocity in the ratio of its fquare root. 


We may therefore exped that the velocities will be conjointly The velocities 

as the fquare root of the hydraulic mean depth and of the fall Wl11 be ? s a 
. ‘ n J -1. i /. proportional be- 

in a given diftance, or as a mean proportional between thefe tween thehy- 

two lines. Taking two Englifii miles for a given length, we 

muft fai]. “ 
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muft find a mean proportional between the hydraulic mean 
depth and the fall in two miles, and inquire what relation this 
bears to the velocity in a particular cafe, and thence we may 
or u-ioths of expedl to determine it in any other. According to Mr. 
fccond*° Clt ^ PCr Eytelwein’s formula, this mean proportional is 44 of the velo- 
city in a fecond. 

Confirmation by In order to examine the accuracy of this rule, we may take 
^radical in- fln exam pj e w hj c h could not have been known to Mr. 

Eytelwein. Mr. Watt obferved, as Profeflbr Robifon informs 
us in the article River of the Encyclopaedia Britannica, that in a 
canal 18 feet wide above, and 7 below, and 4 feet deep, having 
a fall of 4 inches in a mile, the velocity was 17 inches in a fe- 
cond at the furface, 14 in the middle, and 10 at the bottom : fo 
that the mean velocity may be called J 4 inches, or fomewhat 
lefs, in a fecond. Now to find the hydraulic mean depth, we 
muft divide the area of the fedtion, 2. (18+7)=50 by the 
breadth of the bottom and length of the (loping (ides added toge- 


Anotbcr in- 
ftance. 


True only in a 
ftrait river, &c. 

Slope of the 
hanks. 


ther, whence we have or 29.13 inches: and the fall in 
zv.o, 

two miles being 8 inches, we have ^(8 x 29. 13) =15.26 for 
the mean proportional, of which 4r * s 13.9 ; agreeing exadtly 
with Mr. Watt's obfervation. Profelfor Robifon has deduced 
from Buat's elaborate theorems 12.568 inches for the velocity, 
which is confiderably lefs accurate. 

For another example we may take the Po, which falls 1 foot 
in two miles, where its mean depth is 29 feet; and its velocity 
is obferved to be about 55 inches in a fecond. Our rule gives 
58, which is perhaps as near as the degree of accuracy of 
the data will allow. 

On the whole, we have ample reafon to be fatisfied with 
the unexpe6ted coincidence of fo fimple a theorem with obfer- 
vation : and in order to find the velocity of a river from its 
fall, or the fall from its velocity, we have only to recoiled! that 
the velocity in a fecond is •{-? °f a mean proportional between 
the hydraulic mean depth and the fall in two Englifli miles. 
This is however only true of a ftraight river flowing through 
an equable channel. 

For the flope of the banks of a river or canal, Mr. Eytelwein 
recommends that the breadth at the bottom fhould be \ of the 
depth, and at the furface y° : the banks will then be in gene- 
ral capable of retaining their form. The area ot fuch a fed! ion 

is 
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is twice the fquare of the depth, and the hydraulic mean depth 
of the actual depth. He then inveftigates the difcharge of a 
canal of which the bottom is horizontal. The velocity appears 
in this cafe to be fomewhat greater than in a fimilar canal, of 
which the bottom is parallel to the furface. 

The author remarks that the velocity is greater near the con- Velocities when 
cave than the convex fide of a flexure : a circumflance probably curved* 0116 * S 
occafioned by the centrifugal force accumulating the water on 
that fide. No general rule can be given for the decreafe of 
the velocity in going downwards : but fometimes the maximum 
appears to be a little below the furface. In the Arno the velo- * different 
cities are at 2 feet below the furface, 39§ inches; at 4, 38§; ep 
at 8, 37; at 16, 33f; at 17, 31. In the Rhine at 1 foot, 58 
inches; at 5, 56; at 10, 52; at 15, 43. As an approxima- 
tion to the mean velocity, the author dire&s us todedu6t from 
the fuperficial velocity for every foot of the whole depth. 

For inftance ; if the depth were 13 feet, and the fuperficial ve- 
locity 5 feet, to take 4| as the average velocity of the whole 
river. This can however only be true in large rivers: for in 
the canal, meafured by Mr. Watt, the fuperficial velocity mull 
be diminifhed nearly y for a depth of only 4 feet. And we may 
in general come quite as near to the mean velocity by taking 
T 9 ^ of the fuperficial velocity ; although this may ftill differ ma- 
terially from the true medium. But comparing this with the 
former theorem for the velocity, which gives a refult oftener 
above than below the truth, we may bring them both into a 
form eafily recolle&ed, thus ; 

The fuperficial velocity of a river is nearly a mean ptopor- Concife deduc- 

tional between the hydraulic mean depth and the fall in two * ,on thc h y- 
J r draulic mean 

miles ; and the mean velocity of the whole water is, ftill more depth. 

nearly, nine-tenths of this mean proportional. 

We may find a double confirmation of thefe principles in 
Major RennePs account of the Ganges (Phil. Tranf. 1781, 
p . 87). 

He informs us that tf at 500 miles from the fea, the channel Inftance in the 
is 30 feet deep when the river is at its loweft ; and it conti- Gangcl * 
nues at leaft this depth to the fea,” that " a fe&ion of the 
ground, parallel to one of its branches, in length 60 miles, was 
taken by order of Mr. Haftings;” that “ the windings of the 
river were fo great as to reduce the declivity on which the 
water ran, to lefs than 4 inches per mile that " the medium 
Vol. III. — September, 1802. D rate 
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^rate of motion of the Ganges is lefs than three miles an hoar in 
the dry months that is, its fuperficial velocity. Now allow- 
ing a little for the banks or (helving (ides, we may take exactly* 
30 feet as the hydraulic mean depth ; then if the full in two 
miles were precifely -J, we fhould have \ X 30=20; and -y/20 
=4.47 for the velocity in a fecond, or 3.05 miles in the hour : 
which is a little greater than the obferved velocity, becaufe the 
fall was aflumed fomewhat too great. 

Again (p. 110), “ the river when full, has thrice the volume 
of water in it, and its motion is alfo accelerated in the propor- 
tion of 5 to 3. We may affume, that the hydraulic mean depth 
is doubled at the time of the inundation, whence the velocity 
will be increafed in the ratio of 7 to 5 : but the inclination of 
the furface is probably fomewhat increafed at the fame time, 
which may eafi ly be fuppofed to increafe the velocity (till fur- 
ther, from 1 .4 to 1 .7. 

The effects of Chapter 8. Of the difeharge and the fwell in the cafe of 

conTra^ons in^ vveres > falls, and contradions, in rivers and canals. 

river*. The methods employed in the third chapter require here 

fome modification, fince the water arrives at the place of de- 
feent with a confiderable velocity ; and it is evident from me- 
chanical, as well as from hydraulic confederations, that the 
ultimate velocity will exceed that which is due to the depth of 
the ftream at the place of its defeent, and that it will corre- 
fpond to a height equal to the fum of the heights capable of 
producing thefe velocities. Hence we may calculate the effect 
of a bar in elevating the furface of a river ; how broad a were 
rauft be, in order to produce a certain elevation, and how much 
water will run over a given were according to collateral cir- 
cumftances. When a bar is below the level of the lower water, 
we muft confider the difference of the two levels as conftitut- 
ing the fall ; the whole of the ftream below the level of the 
lower water deriving its additional velocity from this difference 
only. 

, The extent of the fwell produced by a given elevation of 

the furface of a river in confequence of the effed of a were or 
bar, may be determined by calculating from the rules for find- 
ing the velocity of rivers, the inclination neceffary for pro- 
ducing a given difeharge ; the depth being greater, the inclina- 
tion immediately above the bar will be lefs, but the effed of 
the fwell does not terminate at the point where the new furface, 

4 if 


Digitized by Google 



ON THE VIBRATION OR #KNDtfLtm$* 


35 


if llraight, would have met the original furface; for on account 
of the rounding off of this angle, it extends nearly twice as far. 
The effedl of reducing the breadth of a river may be determin- 
ed in a manner nearly fimilar. The author remarks, that a 
coniiderable diminution of breadth produces but a fmall eleva- 
tion, a refult which appears to be conformable to experience ; 
hut that where depth is required for navigation, it may often 
be obtained by a projedlion built out from the bank, which may 
be fufficient to increafe the river’s velocity, and to caufe it to 
Excavate its bed . 


(To be concluded .) 


VI. 

Experimental Proof, that Corrections deduced from the Arcs qf 
Vibration of a Pendulum in Vacuo, are practically yftfuL By 
My . Ezekiel Walker. 


To Mr. NICHOLSON. 


S I R, 


Lynn, Aug. 20, 1802. 


YoUR; 


annotation on my laft paper * convinces me, that I Introdudioo# 
ought to have given you my reafons, derived either from theory 
or experience, for troubling you on the fubjedt which it con- 
tains. 


Though theory may be too uncertain a guide to be depend- Arguments 
ed on, in a matter fo complicated as the vibration of a pendu- ** °f ere * 
lum in a variable refilling medium, yet I think that fome philo- plying the theory 
fophical arguments might be advanced in its favour • but thefe Pendulums to 
I lhall not at prefent enter into, as I mean to confine myfelf to * 
mere matters of experience. 

The clock which I ufed formerly was made by the late Mr. but at prefent 
John Arnold, in his bell manner. It had a dead beat, with a the author eon- 
compound pendulum that vibrated in the arc of a circle. This cxpcrimentor* 
pendulum frequently varied in its arc; and as the Ihort vibra-fAd. 
tions were performed in lefs time than the long ones, I was led 
to fuppofe that it might be governed by the fame law, which 


♦ See Vol. III. p.273. 
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APPARATUS POR DRIVING CDPPER BOLTS INTO SHIP'S* 

obtains in a pendulum vibrating in a non-relifting medium by 
the force of gravity : and, on making ufe of corrections deduced 
from that principle, I found them agree fo well with the going 
of the clock, as left me no reafon to doubt of the truth of my 
conjecture. The table which I fent you was therefore con- 
ftantly ufed to correCt the clock's rate, when any alteration 
was obferved in the arc of vibration; but the rate itfelf was 
afcertained by tranfits of the fun and fixed ftars over the meri- 
dian. 

How far this table may be applicable to other clocks I know 
not, as this is the only inftance in which I have had any expe- 
rience. It is evident, however, that this theory cannot be 
ufed to advantage where a pendulum is aCted upon either by 
cycloidal cheeks, a faddle-piece, or pallats of a particular con- 
ftruCtion. 

I am, SIR, 

With much rcfpcCt, 

Your humble fervant, 

E. WALKER. 


VII. 

Dtfcription of an Apparatus of Tubes for facilitating to driving qf 

Copper Bolts into Ships . By Mr. Richard Phillips*. , 

Mr. Phillips’s ^/3 lR. RICHARD PHILLIPS, of Briftol, in feveral letters 
taethod of driv- f en t Society, ftates, that he had invented a method of 

Sec* ’ driving copper bolts into fhips, without fplitting the heads or 

bending them ; and that by means of tubes contrived by him 
for the purpofe, this could be effected without difficulty, and 
had been fat is faCtor ily executed in the prefence of feveral of 
the principal (hip-builders of Briftol. 

A certificate accompanied thefe letters, from Mr. William 
James, and Mr. Samuel Haft, fliip-builders, and alfo frptn 
Mr. George Winter, of Briftol, teftifying that they had tried 

♦ From the Tran factions of the Society for the Encouragement 
of Arts, & c. for 1801. The Society adjudged a reward of forty 
guineas to the inventor* Models are in their repofitory. 

» the 
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the experiment of driving copper bolts through the jointed Evidence of i* 
cylinder invented by Mr. Phillips ; and that they fo far approve utillty * 
of it, that they mean to adopt (he general ufe off them, for 
driving bolts in all directions, particularly on the outfide of 
fhips, whether iron or copper; as this method not only pre- 
vents the bolts from bending, but keeps the heads from fplit*. 
ting, and enables the bolts to be driven much tighter, than by 
any other means with which they were acquainted. They fur- 
ther add,'that by the application of Mr. Philips's cylinder and 
punch, a copper bolt which had been crippled at the edge of 
the hole, and which could not be darted by a mall, went up 
with eafe in a perpendicular direction in the flat of a (hip's bot- 
tom, not four feet from the ground. 

This certificate was witnefled by Mr. William Holden. 

The fame fa&s are alfo certified by Mr. Thomas Walker, 
and Mr. James M. Hilihoufe, of Briftol, who add their opinion, 
that the adoption of this invention in the different dock-yards 
of the kingdom, will prove very advantageous. 

.Since Mr. Phillips's firfl application to the Society for a pre- 
mium, he has made a confiderable improvement in the.con- 
tfru&ion of his tubes. The defcription and engraving hereun- 
to annexed are of the improved kind : models of both are, how- 
ever, preferved in the Society's repofitory, for public infpec- 
tion. 

The inftrument employed for driving the bolts, confifts of a Defcription* 
hollow tube formed from feparate pieces of call iron, which 
are placed upon the heads of each other, and firmly held thereto 
by iron circles or rings over the joints of the tubes. The loweft 
ring is pointed, to keep the tube fteady upon the wood. The 
bolt being entered into the end of the hole bored in the wood 
of the (hip, and completely covered by the iron tube, is driven 
forward within the cylinder by an iron or fteel punch, placed 
againft the head of the bolt, which punch is flruck by a mall : 
and as the bolt goes further into the wood, parts of the tubes 
are unfcrewed and taken off, till the bolt is driven home into 
its place up to the head. 

The tubes are about five inches in circumference, and will 
admit a bolt of feven-eighths of an inch in diameter. 


Reference 
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Reference to the Engraving of Mr. R. Phillips’s Method of 
driving Bolts into Ships , Plate III. Fig. 3, 4, 5, 6. 

i%. 3. 

- A. The copper bolt, with one end entered into the wood, 
previous to fixing the tube. 

B. A piece of timber, or (hip’s fide, into which the bolt i» 
intended to be driven. 

Fig, 4. 

CCCC. The parts of the iron tube fattened together, ready 
to be put on the bolt A. 

DDDDD. Iron or bra£s rings with thumb-ferews, placed 
over the joints of the tube, to hold them firm together. 

EEEEE. The thumb-ferews, which keep the rings and tubes 
firm in their proper places. 

F. Two points formed on the lower ring : they are to fticlo 
into the timber, and to enable the tube to be held firm in its 
place. 


Fig. 5. 

Shows the reparation of the parts of the tube, which is* 
eflfe&ed by flackening the thumb-ferews and rings. 

To put them together, you Hide the rings over the joints, 
placed as clofe as poffible; then, by tightening the thumb- 
ferews, you will have them firm together, and may continue 
the tubes to any length, from one foot to whatever number is ; 
required. 


Fig. 6. 

GH. Two fteel punches or drifts, to be placed on the head 
of the copper bolt within the tube, whilfi driving. The blow 
given upon the punch drives forward the bolt. The fhortefl 
of them (hould be ufed firft, and, when driven nearly to its 
head, (hould be taken out of the tube, and the longer punch 
applied in its place. 


VIII. Reply 
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VIII. 

Reply to Dr. Young's Letter on the Theory of Compound Soundt. 

In a Letter from Mr. John Gough. 

To Mr. NICHOLSON. 

SIR, 

You have publiftied Dr. Young’s anfwer to my remarks on On the proper 
the theory of compound founds; and I doubt not but you will, °f comr( >- 
with equal impartiality, find a place for the following reply in 
your Journal. When a controverfy is conduced with good 
htimour, it affords amufement; and when it furnifhes freth 
faCts, or places the fubjeCt of difpute in a new point of view, it 
proves inftru&ive. Dr. Young’s anfwer poflefles both thefe 
qualities; and it is my duty to imitate him, at leaf! in the ob- 
fervanceof the former. Having now completed what may be 
called the introduction of the prefent letter, I will, with the 
permifiion of Mr. Nicholfon, make a few remarks upon the 
principal objections contained in the anfwer under confidera- 
tion. The DoCtor obferves, that my theory of vibrations in an Explanatory re. 
elaftic fluid differs as widely from Dr. Smith’s hypothefis as marks * 
from his own conceptions relating to the fame operations ; but’ 
he will probably recolleCt, that I profefs to maintain compound 1 
founds to be mixtures of elementary founds, not aggregates by 
coalefcence; in other words, I undertake to defend Dr. Smith’s 
propofition, as a fundamental maxim both of harmonics and the 
general philofophy of founds. When the queftion is thus pro- 
perly dated, the engagement I undertake to perform cannot in 
any fenfe oblige me to fupport the collateral arguments, with 
which Dr. Smith thought proper to elucidate his propofition, 
perhaps unfortunately. For if the pofitive maxim, viz. that That compound 
compound founds are mixtures, be eflablifhed, the defign of[°“” s ds 
my effay is accompliflied : and as Dr. Young does not contro- 
vert the leading conclufions of this paper, I may fairly fuppofe 
he admits them, but am at a lofs to underftand in w hat manner 
they favour his fide of the queftion ; for if my inferences be 
juft, compound founds are not formed by coalefcence, which and not formed 
is the point in debate. I do not pretend to fay precisely what by coalefcenc ®* 
would be the confequence of conducting a number of founds 

through 
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ON THE THEORY OF COMPOUND SOUNDS. 

through a narrow tube, becaufe I do not recoiled a circumftance 
of the kind ; nor do I think myfelf bound to determine the 
effed, becaufe an inftance, which is fo particular, can have no 
weight in a difpute concerning a general principle. I am ac- 
quainted, however, with one circumftance which deferves at- 
tention at prefent : the notes of two or more bells are not 
obliged to coalefce by palling through the narrow found-holes 
of the fteeple of a country church : and if Dr. Young will fup- 
pofe the point A, in the demonftration of my third propofition* 
to be placed in the mouth of his tube, he will fee that the mo- 
tions of the corpufcle will not be difturbed by the edge of the 
pipe. The Dodoes anfwer blames my representation of his 
idea of a compound found, as amounting to a charge of igno- 
rance in the moll common occurrences. The representation 
appeared to be a neceftary introdudion to the objedions which 
were levelled, in the Sequel of my eflay, at the Dodor's theory* 
not at his experience ; and if the ftatement be not juft, it is dif- 
ficult to difcover the fenfe of the term coalefcence in that Sec- 
tion of his paper in which the fubjed is examined, efpecially 
when the author infers, that the ftrength of the found in a con- 
cert is not in exad proportion to the number of inftruments 
compofing it. The writer of this paragraph, without doubt^ 
wiftied his readers to conclude, that the vibrations, which are 
communicated to the air by a number of founding bodies, re- 
duce themfelves to a Single Set of vibrations by mutual oppofi- 
tion : Now my objedions to this dodrine muft remain in force, 
until mankind can be convinced that unity pofteftes the quali- 
ties of number. 

The anfwer correds the new theory in two effential points : 
Firft, It gives a power of analyzing compounds to the ear; but 
this power canno be admitted before the dodrine of coalef- 
cence is eftablilhed: Second, It reduces the coalefced com- 
pound to a pigmy, and joins to it the powerful refleded parts 
of its conftituents, thereby forming a mixture. A few remarks 
on the range of Such a mixture (hall clofe this letter. When a 
traveller approaches a town, he frequently hears the bells in it 
at the diftance of four or five miles ; the beating of a drum may 
catch his attention at one-third of that diftance ; when near the 
place, he perceives the blows of hammers, and at laft a mixed 
noife. In his journey, then, he meets with a fucceflion of 
founds at the limits of their refpedive ranges, but does not find 

the 
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the coalefced compound in the van of the train. If the pre- 
ceding ftatement be natural, the range of a mixture of founds 
mud be eftimated by means of the drongeft individual in the 
aggregate, not from the coalefied compound, admitting its 
exigence. This conclufion holds good in a general fenfe ; at 
the fame time I know, that the ranges of certain aggregates 
exceed the ranges of their ftronged condituents. Of this kind Sound* of ag- 
h a general difcharge of fire-arms ; but though I admit the chan"* 
fad, it does not appear to be an indance of coalefcence. For their loudeft 
the report of every mufket employed is nearly alike ; and the 
explofion of the whole number, at the fame moment, agitates 
a large field of air. Now I know, by obfervation, that when 
an extenfive furface is made to vibrate it founds to a great dif- 
tance ; for when the fhear-men of Kendal beat the tenters on Shearmen beat- 
a calm morning, the ftrokes may be heard for two miles, or d two miles 
more ; though the ear of a by-dander is not much affeded by 
them, the operation being performed by ftriking the ftrelched 
cloth with a dick not thicker than a man’s finger. Seeing 
then a number of founds which are nearly in unifon, forms an 
aggregate of more power than any one of its condituents, it 
follows, that when a multiplicity of indruments contains a 
drong combination of unifons, that combination determines the 
range of the concert. 

JOHN GOUGH. 

Middle/haw , near Kendal , Auguft 1 9, 1 802. 


IX. 


A new Procefs for Claying Sugar, 1 !, propofed by Cir. Hass el 
Lachenaie, Chief Apothecary of the Military HofpitaU of 
Guadaloupe to the Agents of the Confuls of the French Republic 
in the Windward J funds, , 


(Concluded from Pol. II, Page 190 .) 

The third and lad which I fhall mention, though the lead Economy of 
of the inconveniencies of the procefs of Citizens Boucherie, tlmc * 
cannot be reconciled with the economy which we are obliged 
to life in the employment of our time ; namely, the neceflity 
of graining the fugar before it is put into the cafes, &c. 

After 
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NEW PROCESS' FOR CLAYING SttAKsl 

After having pointed but the principal difficulties and incort-* 
veniences which would refult in the manipulation of the clay- 
ing of fugar, by the ufe of cafes cOnftru6ted after the model of 
thofe of Citizens Boucherie, nothing more remains to be done/ 
than to tlicw how I have fucceeded in overcoming thefe diffi-’ 
culties, by ufing cafes fabricated according to my own prin- 
ciples. 

My cafes are without a bottom ; thby are conftru&ed of 
four boards, united in a fquare by tenons and mortices, which 
are held clofely together by wedges and pins, fo as to form a 
fquare vellel, each tide of which is three feet long, infide 
meafure. This cafe therefore prefents a furface of nine fquare 
feet. The fide h (fee Plate XII. Vo!. II.) is 18 inches high 
at its extremity e, and 16| inches at its other extremity /. 
The fide /, parallel to h, is cut in the fame proportions. The 
height of the fide k correfponds with that of the extremity /; 
and the fide i, has the fame height as the extremity e. 

I place four cafes, of the conftru6tion juft def ribed, upon 
a frame eight feet long, or plank, m, in, m, in, having a fall of 
three inches, and railed two feet above the ground q q. This 
board ferves as their bottom. In the fpace occupied by each 
cafe, it is perforated with twenty holes of an inch in diameter, 
placed in four rows : thefe holes, which I flop beneath with 
pins proje&ing eight inches above the bottom within, ferve 
for the drainage, when, after the fugar has cooled, thefe 
fame pins, which perforate it almoft to the half of its thicknefs, 
arfe drawn out. 

For receiving the fy rup, I place below the board feveral 
channels which convey it into a common trough intended to 
conduft it into a refervoir. Thirty-two cafes difpofed in this 
manner upon eight boards, in my fugar work, will fupply the 
place of 900 forms, and as many pots. 

It is evident that by thus inclining the board which ferves as 
a bottom to the cafes, it was indifpenfibly requifite that I 
fhould give the fame inclination to the lower edges of thefides, 
in order that this upper part might be at the fame level ; and' 
this inclination was the more neceftary, as it favours the run- 
ning off of the fyrup at the borders, where the cafes are in con- 
tact with the board, no lefs than is done by the holes with 
which it is perforated. 

After 
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After defcribing the conftru&ion and difpofition of the cafes 
which I propofe, I (hall now point out the manner in which I 
ufe them. 

In order to avoid very fatiguing tranfportations, in which Manufacturing 
much time would be loft, I have eftablifhed a cooler in my P rocc ^ # 
fugar r work, into which the boiled fugar is conveyed by a 
gutter from the battery. Near this cooler I have placed two 
backs, each of the fame capacity with one of my cafes, and 
thefe laft axe all of equal dimeniions. 

MANIPULATION. 

I draw off my fugar by two batteries * ; when thefe are The fugar firft 
joined together in the cooler f, I pour them into one of the » n aback, 
backs where the fugar cryftallizes by cooling. This fugar is 
ftirred two or three times during the interval, until two other 
batteries have been poured into the refrigeratory : I then fill 
up my back, and with a paddle I mix well together the fugar 
thus collected ; after which I leave it at reft till it acquires the 
confidence it is differed to aftume, when intended to be ma- 
nufactured into raw fugar. In the interval other fugar is 
made, to be poured in the fame manner into the fecond back. 

As foon as the fugar has acquired the before-mentioned con- then put int* 
fiftence, I ufe fmall buckets for conveying it into one of my ^ e . cafc * to 
cafes, which I fill to the height of fix lines below its margin. 9 
I then leave it till coated, at which period I draw out the 
pegs from the board, in order that the fyrup may run out. 

On the next and the following days, one of the Tides of the eafily examined 
cafes may be opened to obferve how the drainage goes on ; ^efo^claybg 
but it muft immediately be replaced. This facility, which has 
the advantage of afcertaining the moft favourable moment for 
claying the fugar, enables us alfo to afcertain at pleafure the 

• The battery ( batterie ) is the veflfel in which the boiling of the 
fugar is terminated, and when two boilings are united in the refri-* 
geratory, it is cuftomary in our manufactories to call this procefs 
drawing off the fugar by two batteries ( tirer le fucre par deux bat - 
teriesy Venformer par deux batteries), Thefe two batteries con fti- 
tute the filling ( emplie ). The name of battery , which ferves to 
defignate this boiler, is given to it becaufe the fugar is beaten with 
a paddle, or ftirrer, whenever it tends to raife itfelf above the fides. 

f This is a large boiler which receives the boiled fugar, and in 
whicfi it is fuffered to lofe its heat before it is drawn off, 

effedt 
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Preparation for 
the claying* 


Qualities of the 
cJay, . 


Defe& from 
tenuity. 


Statement of 
advantages in 
this new appara- 
tus and procefs. 


efFedt of the claying. When, by examining the fugar in this 
manner, we find that there does not remain more than about 
two inches difcoloured bv the fyrup, it is the proper time for 
claying it. 

To prepare the fugar for receiving the clay, the very thin 
cruft formed at its furfaee is firft taken off, and is divided and 
fpread out again upon this furfece, which is pierced to the 
depth of fix lines with the edge of the trowel, which is after- 
wards ufed for flattening and comprefling the bottom. After 
this laft operation is performed, it is clayed in the ufual 
manner. 

The fat earth or clay which is generally ufed here for claying 
of fugars, has in general the fault of retaining the water with 
which it is diluted too long, on which account it happens, 
that whilft one part of this water filtrates into the fugar, an- 
other, and that not the leaft confiderable, evaporates into the 
air. 

This earth has alfo another fault, which is very prejudicial 
to the operation of the bleaching of the fugar ; namely, that 
of remaining for feveral days in part fufpended in the water, 
before it is intirely precipitated from it, which renders this 
fluid milky. Both thefe faults require to be corrected. 

After fome trials I fucceeded in doing this completely : my 
procefs is Ample, eafy to be executed, and requires neither 
expence nor lofs of time ; I can even aflert, that the water 
with which my earth thus prepared is diluted, depofits nothing 
by filtrating into the fugar, but that it feparates as limpid as 
the purefl rain water. I fend you fome fugar bleached by 
this means. 

Advantages refultingfrom the life of my Cajbs and Manipulation 
for the claying of Sugar. 

FIRST ADVANTAGE. 

With Regard to the Weight . 

By cafing the fugar in the manner here defcribed previous 
to fubjedting it to the claying procefs, I prevent the formation 
of the fountain ( lafontaine ) *, and of the thick cruft with which 
every form prefents us. Now, not having to feparate the 

• This is defcribed at page * 

fountains 
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fountains of the twenty-fix forms which each of my cafes con- Let cruft on the 
tains, the quantity of the fugar of thefe fame fountains remains furfacc * 
therefore in the mafs. This mafs alfo fufFers a much fmaller 
lofs in the claying operation, than it would have done if this 
operation had been performed upon twenty- fix feparate forms. 

SECOND ADVANTAGE. 

With ReJpeSt to the Regularity and Uniformity of the Grain. 

When fugar is made to cryfiallize in our forms, the cryftalsThe grain ver f 
that are fuccetlively precipitated from it, diminifh alfo fuccef- uniform * 
fively in volume in rifing towards the top of the form which, 
in its pofition, then reprefents an inverted cone. In order to 
avoid this inconvenience, it is cufiomary to ftir the fugar as 
foon as its cruft becomes folid. Neverthelefs, a fountain is 
almoft always formed, and for this reafon : when the mafs 
contained in our large forms begins to cool, the confidence 
which its ftill liquid part affumes, in proportion as it lofes the 
caloric by which it was liquefied, refilling the force of attrac- 
tion which tends to unite the cryftalline particles fymmetrically 
together, in order to conftitute regular cry flats, thefe particles 
are precipitated, and apply themfelves confufedly together, 
fo as to produce the folid cruft which conftitutes this fountain. 

The greater uniformity of cryftallization in the mafs which Caufe why the 
my cafes contain, (though I have difturbed it by agitating itS raini * better, 
feveral times), compared with what happens in the forms 
which have not been moved, and even in thofe which have 
been, with equal care and dexterity, is obtained at the mo- 
ment when I cafe my fugar. The confidence which it has ac- 
quired no longer permits its cryftals to obey the laws of ftatics ; 
but the fmaller being confounded with the larger, the whole 
prefents a perfect uniformity, not to be found in thofe forms 
which have been moved. For in them this operation is per- 
formed at a moment when there ftill exifts a fufficient degree 
of liquidity to permit the larger cryftals to obey the fame laws. 

The reafon why no fyrup is collected above the fugar depo- n 0 fy rup ^ 
fited in my cafes, depends on the feparation of the cryftals, le&edat the top. 
which being not at all agglutinated together, leave intervals 
fufficiently large to receive 'it. But as this fyrup ftill retains 
much of its heat when the fugar is cafed, it depofits a fuffi- 
cienl number of cryftalline particles in cooling to agglutinate 
the cryftals, and to caufe the whole mafs to fettle by its own 

weight 
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: weight in proportion as the fyrup runs off, and acquire a force 

of adhefion equal to that of the fugar put into forms. 

THIRD ADVANTAGE. 

As to its Whitenefs or Colour . - 

and much lets at The cafed fugar bleaches as well under the clay, as that 
the bate. which is put into forms, and its bale retains proportionally lefs 
fyrup than the head of the form. 

FOURTH ADVANTAGE. 

With Refped to the Manipulation . 

Comparison. 1 . Lefs Labour and lofs of Time. 
Numerical ft ate- When we fabricate fugar. By the ute of the cafes, I 
iog of labour. we employ every day a man avoid the neceflity for era- 
to walli the forms, to carry ploying this man, and the lofs 
them to the fugar houfe, and of this time, 
to plant them. 

For putting the fugar into For cafing the fngar, it is 
forms, two men carry it and tranfported, one (ingle time, 
divide it in the forms, which by fmall buckets into my cafes, 
they fill. When thefe forms which are clofe to the backs, 
are fufficiently cool, they carry This operation is much lefs fa- 
them into the refining houfe, tiguing than that of the forms, 
in order to put them upon pots which weigh about 80 lbs. at 
into which their fyrups drain. the moment when they are 

thus conveyed. 

After fome days drainage, When, on opening one of 
the bottom of each form is the (ides of my cafes the fugar 
deeply perforated, in order to is found to be in the proper 
extract the fountain which is (late for claying, its bottom is 
feparated from it. When this prepared as I have deferibed, 
bufinefs is finifhed, the forms page , after which the di- 
are again carried to other pots, luted earth is poured upon it. 
deftined to receive their fine 
fyrup, after which the bottom 
is difpofed for the claying. 

In treating 416 forms in this In this manner four men 
manner, four men generally clay 16 cafes, which contain as 
work 51,711 hours, which, much as 416 forms, in the 
multiplied by 4, amounts to fpace of 2,840 hours, which 
206,84 1 hours work for one multiplied by 4, amounts to 
man. 1 1,360 hours work for one 

man. 

Thus 
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Thus the labour of claying 41.6 feparate forms, with refpefit The new me- 
,to the time employed in "doing it, is to that for the fame num- ^formedb”* 
ber of form? contained in 16 cafes, as 206,844, to 11,360, or a b out one twen- 
as 51,711 to 2,840. Now therefore, in order to day the P* rt °f *ba 
quantity of 41,6 forms of fugar in my 16 cafes, (reckoning the U U * tmS * 
day’s work of each man at nine hours) I employ only one day 
and 2,350 hours, whereas the claying of 416 feparate forms 
requires 22 days and 8,844 hours. 

I find alfo another faving of time and labour when the earth 
is to be removed and the bottom cleaned. This work, which 
requires a day’s work of four men for the 416 forms, is per- 
formed in half a day by one man, upon the fame quantity of 
fugar in the cafes. I have made this comparifon with my 
watch in my hand. 


2. Fewer Difficulties in making the Bottom . 


Though our cultivators are 
in the habit of working the 
forms and making their bot- 
tom, it frequently happens that 
they neglect to remove the 
fountaincompletely ; frequent- 
ly alfo they do not uniformly 
comprefs the grained fugar 
which they had taken out of 
the form, in order to feparate 
this fountain, and which they 
replace in it before making the 
bottom. In that cafe, the fil- 
tration of the water of the clay 
does not take place uniformly, 
but meets with obftacles to- 
wards fome of its Tides; at d 
the bottom, after this claying, 
exhibits difiinfl marks of the 
defe&ive manipulation. 


In my cafes, as there are no The bottom is 
fountains to be feparated, as ,e ^ clled more 
the cryftallization is uniform 
throughout the whole mafs, 
the furface of which is level 
before the cooling of the fu- 
gar, it is f.fficient that this fur- 
face be very (lightly opened be- 
fore levelling the bottom : this 
bufinefs is very eafily per- 
formed, and thofe workmen to 
whom I have confided the 
execution for the firft time, 
haveperfe&ly fucceeded. The 
uniformity of the cryftalliza- 
tion in my cafes, alfo favours 
that of the filtration of the 
claying water into the mafs of 
the fugar. 


3. Another faving of Time ajid Labour. 

The forms being fufficiently When I find the fugar fuf- The drying and 

drained, the fugar is taken out ficienlly drained in my cafes, £ 0V,n S ,s per- 
. , . ° 1 ,, t . i , , , , formed with 

in order to be conveyed to the I take them down, and leave more facility and 

them *(&&• 
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Hove, where the loaves are 
depofited upon frames, after 
the head, which is ftill wet with 
fyrup, has been feparated from 
them. For, without this pre- 
caution, it would flow back 
into the mafs, diminifh its 
whitenefs, and render the fu- 
gar more liable to attraft the 
moifture of the atmofphere. 
Some days afterwards thefe 
forms are cut in pieces, in or- 
der to complete the deficcation 
of the fugar, and to feparate 
the whiteft parts from the 
more coloured. 


them for fome days expofed to 
the air, in order to deprive 
them of part of their humidity 
which is retained by that of 
the forms, when carried imme- 
diately to the Hove : I after- 
wards break them into large 
pieces *, and at the fame time 
I feparate the whiter fugar 
from the reft. By this means 
the workmen are faved the la- 
bour of dividing the fame fu- 
gar, as is commonly done, in a 
hot ftove which frequently 
nnift not be fuffered to cool 
without the danger of injuring 
the quality of the fugar, and 
which, on account of the 
length of time they remain in 
it, difpofes them to contract 
dangerous difeafes. 


FIFTH ADVANTAGE. 

The laft of the advantages which I fha.ll mention, and which 
is not the leaft important, is that of economy . 


It is known that it would 
coft an immenfe fum to thofe 


It is very ex- 
pend ve, and 

fometimes diffi- , ... r . . . . 

cult to procure who, like my left, being with- 

the forms and out forms and pots, are under 

apparatuV is ** the neceffily of providing 
cheap aud eafily themfelves with them, ftnee it 
***** is almoft impofiGble to procure 

them, now that the Saints and 


With little expence, I con- 
ftrudt and eftablifti 32 cafes, 
which fupply the place of 802 
forms and as many pots, and 
by this mfcans avoid the great 
loftes occafiOned by the daily 
rupture of thefe veflels. 


Martinique are in the power 
of the enemy. 

I think it unneceflary to recapitulate the obfervations con- 
tained in this memoir, and only wilh that you may confider 
them as having fome title to your approbation. 

# Which are likewife carried into the ftove, but which dry more 
ipeedily than the loaves. 

X. Defcription 
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X. 

befcription of a Water Wheel . By Mr, J. He s ant. In a 
Letter to Mr, Charles Taylor, Secretary to the Society 
for the Encouragement qf Arts • From their Tranf actions, 

SIR, 

I BEG leave to lay before the Society fome obfervatiotts re- The common 
fpe&ing the common Underfoot Water-wheel, and to point underfoot wheel 
out the fuperiority of that of my invention* 

Firfl,— In common water-wheels more than half the water lets much water 
paflesfrom the gate through the wheel, without giving it any P^ witl>0utef - 
afliftance. 

Secondly, — The floats coming out of the tail- water are re- The floats am 
fitted with almoft the whole weight of the atmofphere, at the r ? f f,ftcd at their 
inftant they leave the furface of the water* * 

Thirdly The fame quantity of water Which patted be- and they tend to 
tween the floats at the head, mult of courfe pafs between ^ tail wa * 
them dt the tail, and confeqtiently impede the motion of the 
Wheel. 

In the water-wheel of my invention, 

Firft, — No water can pats but what a€ts, with all its three, in the new 
on the extremity of the wheel. whccl 

Secondly,— The floats coming out of the Water in an ob- the floats are 
lique dire6tion> prevent the weight of the atmofphere from oWique * 
taking any effe6t. 

Thirdly, — Although the new water-wheel is heavier than It Is in part 
that on the old conftru6tion, yet it runs lighter on its axis, the buoyant $ 
water having a tendency to float it. 

Fourthly, — By experiments made with the models, proofs and is good foe 
have been fliown, that the new wheel has many advantages °* U| * 
over the common wheel, and that, when it works in deep 
tail water, it will carry weights in proportion of three to one, 
fo that it will be particularly ferviceable for tide-mills. 

I hope on trial, before the Society, my invention will prove 
fuccefsfal, and am, « 

Sir, 

Your obedient Servant, 

No. 26, Brompton, J. BESANT* 

To the Secretary of the 
Society of Arts/ &c. 

You lllr— SsrxKMUER, l$0ff* S Repeated 
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Scythe Sol* ®‘ e P ea ^ experiments of the above invention were made 
ciety. h y Committee ; from the refult of which it appeared to 

|>oflefs fome advantages over the common wheel, and to have 
a greater power of a&ion. 

Defcription of the late Mr . Befant's Water-wheel. Plate III. 
Fig. 1 & 2. 

Defcription of A. The body of the water-wheel, which is hollow in the 
graving. f orm 0 f a drum, and is fo con(lru6ted as to be proof againft 
the admiflion of water within it. 

B. The axis on which it turns. 

C. The float boards, placed on the periphery of the wheel. 
Each board is obliquely fixed firm to the rim of it* and to the 
body of the drum. 

D. The refervoir, containing the water. 

E. The penftock, which regulates the quantity of water 
running to the wheel. 

F. The current of water which has patted the wheel. 

Fig. 2. Is a front view of the water-wheel, (hewing the 
oblique direction in which the float boards C are placed on the 
face of the wheel. 


XI. 


* Defcription of an Hydrometer which gives the Specific Gravity by 
Jnjpe&ion , conftrufted by Mr. Atkins. — W. N. 

Improvements Since the publication of the defcription of Atkins’s hydro- 
hydrometer. meter in the laft Number, that artift has communicated to me 
The weights of two improvements in the fame. The firft confifts in making 
different figure 8. f our weights of different figures, namely, round, fquare, 

triangular, and pentagonal ; and he (lamps the figure of the 
weight on the Aiding rule, oppofite to every letter in the feries 
to which it belongs. By this contrivance, which indicates a 
confiderable degree of fagacity with regard to the pra&ical 
requifites of an inftrument offered for general ufe, he renders 
it impoffible for the revenue officer to raiflake one weight for 
another, or to take out his refult at a wrong part of the flidiog 
rule. 

The 


• L 
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The Other alteration, though it will be highly acceptable to Hydrometer 
philofophical men, and renders the inftrument of more exten- 
live utility, and independent of the fliding rule, feems not fo ated on its ftcm# 
clearly to be an amelioration with regard to its moft frequent 
and daily ufe. Inftead of the letters of the alphabet, the four 
faces of the ftem carry graduations which at once point out the 
fpecific gravity of the fluid according to the form now univer- 
fally adopted ; namely, by taking water as unity. Its figure 
is fhown in Plate IV. Fig. 1. and it is provided with three 
weights ; the inflrument itfelf being ufed without a weight at 
the upper range of den fi ties. 

Upon thisoccafion I cannot avoid noticing the ftrangeover- Remarkable 
fight of philofophers and others, who have exprefled the den* ^ ° c h 
fities of acids and other fluids by certain graduations or degrees * m noting 
of inftruments, fuch as that of BaumC and others ; the com- jpecific gravities 
parative values of which were either little known to the pub- 0 f fome'particu- 
lic, or ill determined ; fo that a very eflential part of what we br inftrument. 
read in books of chemiftry is to many readers void of meaning. 

This is the more remarkable, fince the expreflion of fpecific 
gravities before mentioned has been long eftablifhed, and is 
quite as eafy to be put upon an inflrument as any other nota- 
tion. It is now feven years fince I urged this matter in my Long ago no- 
chemical dictionary at the article Hydrometer, and the evil b * rhc au * 
(till remains. If my recollection be accurate, I think Briflbn and by BrifTon. 
made the fame propofal many years ago in the Memoirs of the 
French Academy. In the prefent inftance, Mr. Atkins gains Advantages in 
the advantage of fimplifying his fliding rule by leaving out the 
alphabet, fo that the operator looks for the fpecific gravity in rule} 
the firft inftance, and upon the oppofite lines he finds the 
ftrength and concentration. 

But ftill more it is worthy of notice, that if he poffefled the and rendering 
inftrument only, or fhould in preference be defirous of refer- ^pjjc^ic^aU 
1 ring to Gilpin’s tables, or any other elementary courfe of ex- tables, &c. 
periments, he can proceed immediately from the inftrument to 
the table without ufing the fliding rule to determine his fpecific 
gravity, as he muft with the other. 

I was at firft very ftrongly imprefied with the facility of this 
inftrument in giving a refult which ordinarily demands to be 
computed, and I fuppofe the advantages above Bated will fe- 
cure it the preference with many. But upon reflection, I But the a’pha- 
cannot but think the alphabetic inftrument intitled to the pre- better*** 
E 2 ference adapted for dif* 
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patch- and feea- ference for commercial purpofes, efpecially in the hands of 
fctfufoeffe UB " men TK1U ^ to ma ^ e experiments, or to read the graduations 
of a rule. It b fp much more ea fy to pitch upon a fingle lefr* 
ter than to read a graduation by ftroke, as Well upon the in- 
firument as the fcale, that I apprehend the literal inftrument, 
with the varioufly figured weights, will in general be attended 
with greater certainty in the hands of all but pbilofophers. 
And for this reafon the inventor is undoubtedly right in offering 
both to the public. 

tyKndric bulb. The cylindrical figure of the bulb affords the means of di- 
minifhing the fize of the affay jar, and confequently will 
demand a lefs quantity of the fpirit to make the requifite 
trials. 


XI. 

On the Air from Finery Cinder and Charcoal, with other Remarks 
on the Experiments and Obfervations of Mr . Cruickjhank . Jrt 
a Letter from Joseph Priestley, L . X. D. F . R . «?. 
fyc, 4 *c. 

To Mr. NICHOLSON. 

Dear Sir, Northumberland (America), Ap . 16, 1802. 

• Mr . CRUICKSHANK having added a fupplement to th« 

account of his experiments on the air from finery cinder and 
charcoal, in anfwer to my objections to the new theory front 
the properties of that kind of air, I have given more particular 
attention to it, and with you to add the following obfervations 
to thofe which I have already fent you on the fubjeft. 

The dr from When I firft procured this kind of air, I was far from ima* 
finer y^dnd cr aiid gining that I had difcovered any new fpecies of air, effentially 
Rated to differ different from any other, fo as to be entitled to a new appella- 
from other denfetion, but only another variety in the heavy inflammable air, 
^nlyT^hepw. ^ich is known to be exceedingly various in different pro- 
portion of fixed cedes, and even in the different ffages of the fame procefe, all 
ftmb ttft ion 8 ^ however a g re eing in this, that when all fixed air is carefully 
wafhed out of them, more is found on the decompofition of 
them when they are fired together with dephlogifticated air. 

And 
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And in this efiential property the air from finery cinder and 
charcoal agrees with them all, differing only in the proportion 
of the fixed air procured in this manner. This, however, I 
now find mail he called the gazcaus oxide qf cai'bon, while the 
others are called hydro* car bo nates ; that being (hid to coin- v 
£& of two parts oxigen to one of carbon, and the others to 
be a folution of carbon in hidrogen, or the light inflammable 
air. 

It cannot, however, be denied, that this gazeous oxide of bis iaflammaU* 
carbon is inflammabk as well as the hydro-carbonates, in the 
eompofition of which a portion of hidrogen (one of the compo- and cannot wit£ 
rent parts of water) is a neceftary ingredient. This air, there- b^Hed anwf- 
fore, from finery cinder and charcoal, though called an oxides ide, becaufe it is 
mult be eflentialty different from all the other oxides, none of combuftible. 
which are combuftible, being fubftances already faturated with 
oxigen. Thus iron is a combuftible fubftance, ready to unite 
with oxigen when prefented to it in a proper temperature i 
but when it is faturated with oxigen, and therefore called art 
oxide of iron, it is no longer combuftible. It muft, therefore, 
as it appears to me, be an abfolute abandonment of one of the 
moft fundamental principles of the new theory, to call the air 
from finery cinder and charcoal an oxide. If fubftances 
combuftible in proportion to their affinity to oxigen, and their 
confequent readinefs to unite with it, this air, which is inflam* 
mable, muft be of this clafs, and therefore the' very reverfe of 
the oxides, which are faturated with oxigen, and incapable of 
receiving more. 

If this kind of air was a real oxide, it would appear to be Its oxigen has 
fo qn the decompofition of it ; when, to make the refult un- aev * r bc ^ n 
exceptionable, the oxigen it contained would either take the by tranfpofition, 
form of dephlogifticated air, or become a component part wit ** 

fome other fuhftance into which oxigen was acknowledged to 
enter. But this has not been done. When it is decompofed 
by being fired together with dephlogifticated air, the fixed air 
which is then formed comes, I have no doubt, from the oxigen 
in the dephlogifticated ^ and the phlogifton in this fpecies of 
inflammable air; the fame being the refult, though not quite 
in the fame degree, of firing the heavy inflammable air from 
charcoal and water, from oil, &c. 8* c. into which it is not pre- 
tended that any oxigen eqters, 

Mr* 
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Mr. Cruickfhaqk’sobfervation of the union of the oxigen m 
tbedephlogifiicated marine acid air with inflammable air in the 
common temperature of the atmofphere, is extremely curious 
but I do not fee that any thing more can be inferred from 
it, than from the more rapid union of the fame principles 
when inflammable and dephlogiflicated air are fired toge*» 
ther. 

Crui^SscJff^ ^ r * Cruickfhank fays, p. 201, that 41 the oxigen in the finery 
theory of there- u cinder, uniting with the carbon in the charcoal, forms fixed 

cind nd cha7 ‘ a * r 5 anc * ^ at ^e meta ^ being in the fame procefs revived, 
coal. " decompofes this fixed air, when it becomes again to a cer* 

tain degree oxigenated.” But why fhould not the finery 
cinder retain a part of its oxigen, rather than firfl part with it, 
and then take it again ? Befides, it is not true that after this 
procefs the iron is in any degree oxigenated, for it is com- 
pletely revived, being perfedl iron ; and that any fixed air is 
t either formed or decompofed in this procefs is altogether con* 
je&ural, and for the reafons that I have given cannot be adr 
jmitted. For though it might be poffible for oxigen in the finery 
cinder (fuppofing it to contain that principle) to be extracted 
from it by its affinity with the carbon in the charcoal, and that 
nothing fhould enter in its place, the iron thus revived could 
pot decompofe the fixed air that would be formed by their 
union. 

Not doubting but that Mr. Cruickfhank will give a candid 
attention to thefe obfervations, 

I am. 

Dear Sir, 

Your's fincerely, 

J. PRIESTLEY. 


XII. Defcriptio u 
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XII. 

Defcription qf Mr. Read’s Pneumatic Apparatus. By a 
Correfpondent. 

To Mr. NICHOLSON. 

SIR, 

I BEG leave to recommend to your notice a very Ample and Notice of a very 
cheap apparatus for difplacing any elaftic fluid out of a refer- 
voir by means of water. It is defcribed in Dr. Beddoes's Con- 
fiderations on the Medicinal Ufe of Factitious Airs, oCtavo, 

London, 1796; and I hope you will think with me, that it de- 
ferves a corner in your refpeCtable publication. 

I is a funnel with its pipe or tube Hopped at B, and perfo- Description, 
rated above and below with two or three fmall holes. Round 
the tube A is foldered the tube D, left open at top. The tube 
G is made to circumfcribe the tube D, and to be foldered to 
the funnel at F, and likewife foldered at E. 

When water is poured into the funnel, and the cork K K in- Effe&. 
ferted into a bottle filled with gas, the water defcends through 
the tube A till it arrives at the divifion or feCtion B ; it then 
flows through the fmall holes at C, and afcends between the 
tubes A and B ; flows over the top of D, and defcends again 
between the tubes D and G, till it arrives at E (where it re- 
gains the tube through an opening above E), and thence into 
the bottle. As the water goes in, the air efcapes between the 
tubes A and G, through the cock H, into the mouth-piece. 

The lower end of G is made to perforate a cork which is pro- 
perly attached to it, and which fecures it air-tight into the neck 
of a common bottle, asfeen at fig. 3. 

The whole apparatus may be made for lefs than a guinea. It it very cheap, 
and may be introduced to the bed-fide of the patient, if necef- 
fary, by having a calk filled inftead of a bottle, and placed 
upon a chair. By turning the cock the patient may take anin- 
fpiration whenever he pleafes, the cock being thruft into the 
fpiggothole. 

I am, &c. 

N. N. 

SCIENTIFIC 
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Experiment of the Invijiblc Girl, 

Charles, brother to the well known philofopher of 
the experiment^ that name, has for fome time exhibited in Leicefier-fquare an 
of the Inyifible experiment called the Invifible Girl, which feems to include 
fome principle of acoufiics either newly difeovered, or not hi- 
therto known to the extent there difplayed. In the middle of 
a large lofty room in an old houfe, where from the appearance, 
of the wainfeot, the pofition of fome glafs cafes of natural hif- 
tory that occupy one fide, and from other circumfiances, there, 
does not appear to be any fituation for acouftic tubes or re- 
flectors — is fixed a wooden railing about four feet high, and 
five feet wide, inclofing a fquare fpace. From the four cor- 
ner polls of this railing there rife painted wires, or rods, to an 
eminence of ten or twelve feet, (the cieling being much lof- 
tier) and from the upper ends of thefe hangs, by firings refem- 
bling the lines ufed with curtains, a fquare glazed box, having 
a mahogany bottom nearly on a level with the top of the rail- 
ing, and in the middle of this box is Appended an hemifphere 
(or larger portion) of tin or pewter, out of which proceed ho- 
rizontally four tin trumpets at right angles to each other, and 
about eighteen inches long. The dilk or hemifphere is covered 
with a portion of a quickfilvered glafs globe which completes 
the fphere, and clofes it imperfectly, fo as not to prevent thq 
inner aperture of one of the trumpets from being feep through 
the place of infertion. This whole apparatus is fo far de T 
tached from all furn/und'ng objeCts, that it can be fwung about 
as far as the railing will allow ; that is to fay, the box can bo 
fwung by its four firings, and the globe and trumpets by the 
firing that fuftains them in the box. The globe may be about 
ten inches in diameter. In all thefe dimenfions, which I dp 
not fuppofe to be material, I fpeak from the recollection of fome 
weeks ago. 

Manner in In the exhibition, the lnvifible Girl is foppofed or pretended 

Ulbes'from the CC included in the fphere, and the converfation is held by 

apparatus, fpeaking into any one of the trumpets, and the reply comes 
put of them ; that is to fay, it is moft clearly heard by applying 
the ear to one of their mouths. The voice is low, as if con- 
* yeyed 
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veyed from a difiance through a tube, but it is very diftind. 

The lady converfes in feveral languages, fings, defcribes all 
that happens in the room, and difplays a fund of lively wit and 
accomplifhment, that admirably qualify her to fupport the cha- 
racter (he has undertaken. 

1 hope to meet my reader hereafter with a little more to fay. Experiment of 
on the nature of this experiment At prefent I can only offer f° und conveyed 
the conje&ure that the found is conveyed through the firings, 
and to this I am led by another experiment of the celebrated 
Dr. Moyes. He (hewed me, that if one end of a packthread, 
or even fewing thread, be wrapped round the finger, and that 
finger be put into the ear (not forcibly) while the other ear is 
flopped, and at the fame time an affiftant wraps the other end 
of the firing round the handle of a toning fork, and (the firing 
being then drawn rather tight) he caufes the fork to found, too 
low to be heard by himfelf and the byftanders, it will- never- 
thelefs be very audible to him who holds the other end of the 
firing. We tried it at an interval of fifty feet, and the DoClor 
has tried it at upwards of three hundred, without any fenfible 
diminution of the effeCt. I wrapped the firing round my wrift, 
and put my finger in my ear, and found the effed very nearly 
as ftrong. If infiead of the tuning fork one obferver bites hokiconverfatlon 
of the firing between his fore teeth, while the other applies it through a firing 
as before to his ear by means of his finger, the voice of the for- 
mer may be tranfmitted ; but it is more difficult to manage this 
experiment with fiiccefs than the other. 


Aerojlatic Experiments of G arnerin. 

A new generation has fprung np fince the epoch at which Revival of aerofc 

Air Balloons conftituted the objed of aftoniffiment and fpecu- utlon# 

lative refearch about twenty years ago. They who remember 

that bufy period as if it were yefterday, mud feel a little fur- 

prized at the viciffitudes of human affairs, when they find how 

many of tliofe who are now intirely engaged in fociety, were 

then fcarcely in exifience ; and how few have feen a balloon. 

The fpe&acle exhibited by Mr. Garnerin, though much lefs 

iniprefiive than the experiments of his countrymen to whom 

this invention is due, in all their novelty and originality have 

neverthelefs been received with much intereft. The readers Garnerin the 

of our Journal will recoiled him as the firft adventurer whofe fi ^°P crator 
* .... with a para- 

intrepidity chute. 


Digitized by v^ooQle 


58 


SCIENTIFIC NEWS. 


Three voyages 
in England. 


Tht fir ft with 
Capt. Sowden. 


Afcended two 
miles. 


Dangerous land- 
ing. 


Singular narra- 
tive of Captain 
Sowden* 


intrepidity and (kill * enabled him to defeend through the at- 
mofphere by means of a Parachute ; and thofe who extend 
their refearches to the new relations and confequences of un- 
common experiments, will probably confider thefe daring at- 
tempts as the embryon efforts towards the art of flying ; which 
fo many eminent men liave thought within the reach of human 
power. He has not, however, yet, in the uncertain climate 
of our ifland, been able to gratify us with the fight of his de- 
feent in this manner. Three aerial voyages, perfe6tly refero- 
bling thofe of his predeceffors, have conffituted the whole of 
what he has yet been enabled to perform. 

On the 28th of June he made his firft afeent from Ranelagh 
Gardens. After the promife of a fine day by the indications 
of the morning, the weather changed, and at five o'clock, when 
the whole was in readinefs, there was a ftrong wind from the 
fouth weft, with occalional (howers. At this hour Mr. 
Garnerin and Capt. Sowden afcended, and proceeded over 
St. James's Park, the Thames, and the bridges of Weftmin- 
fter and Blackfriari. After proceeding over the metropolis 
they threw out a quantity of ballaft, and afcended to an eleva- 
tion which Mr. Garnerin eftimates at upwards of 10,000 feet 
above the furface of the earth, or nearly two miles perpendi- 
cular. At the expiration of about half an hour the valve was 
opened, and the balloon defcendcd through dark clouds which 
had intercepted their view of the earth, upon fight of which 
they found themfelves fpeedily advancing towards the fea. 
On account of the tempeftuous weather their landing was very 
dangerous and unpleafant. The wind dragged them over 
fields and hedges, which tore their hands and cloaths, and 
when their anchor had engaged itfelf at laft in a thicket near 
ahoufe, the inhabitants were fo far from aflifting them, that 
they even appeared difpofed to fire upon them. For want of 
this neceffary help their cable broke, and they were dragged 
forward till the balloon was fufficiently lacerated to begin to 
collapfe, and fuffered them to jump out. 

Capt. Sowden publifhed an account of this excurfion, in 
which he relates fome Angular obfervations, confiderably dif- 
fering from thofe of former aeronauts. He affirms, that his 
fight in looking down vyas fo ftrong, that he could eafily diftin- 


* Phil of. Journal 4to. I* 523. 
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guifti the minuted objects on the earth. In this vaft Map, he 
eould not only trace the different roads and interfe&ions, but 
even the ruts and furrows in the field. His hearing became 
Jikewife furprifingly acute. The rattling of the carriages on 
the roads, the lowing of cattle, and the acclamations of the 
populace, were diftindtly heard at the height of fifteen thou- 
sand feet ; though at the fame time the travellers could fcarcely 
hear themfelves fpeak. He is perfuaded that a perfon with a 
throng voice and a fpeaking trumpet, might be perfectly un- 
derflood from the earth at that elevation in the air. Inftead 
of finding the climate colder as he afcended, he obferved the 
contrary. 

The place of their defcent was on a common four miles be- Account of their 
yond Colchefter and fixty miles from Ranelagh, and the time Colth^fter^aftcr 
from their departure was three quarters of an hour; confe- travelling at the 
quently they travelled at the rate of eighty miles an hour. rat r c £^° 101168 
They were very hofpitably received by Mr. Ringfbery, a free- 
holder of the county, who imagined their vifit to be on account 
of the parliamentary ele&ion, in which he had determined not 
to interfere. By his very friendly fervices they were refrefhed 
and proceeded to Colchefter, whence they returned to London 
on the following day. 

The fecond voyage was made on the fifth of July, from Second voyage. 
Lord's cricket ground, near Paddington. The very unfavour- I *°** 
able weather rendered his afeent much lefs ftriking than it 
might elfe have been. Thoufands of individuals filled the 
furrounding fields for fome hours before the afeent, amidftrain 
nearly inceffant, and a continual haze. The balloon role with 
Mr. Garnerin, accompanied by Mr. Locker, at ten minutes be- 
fore five in the evening, and in four minutes afterwards it was 
loft in the mafs of clouds. At the end of the fifth minute they 
began to defeend, and landed at Chingford in Eflex, after 
having remained in the air for one quarter of an hour. The 
moft remarkable obfervation in Mr. Locker's account is, that 
neither himfelf nor Mr. Garnerin could diftinguifti founds 
above the elevation of 3 or 4,000 feet. 

On the 20th following a balloon was fet up from Vauxhall Pyrotechryc bal- 
gardens in the night, having an extenfive fyftem of fire works k 0 ”* J uIy 2 °* 
attached to it, to be difeharged by means of a fuze, at a great 
height in the air previous to the explofion of the balloon itfelf. 

4 This 
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This exhibition, which does not require any genera? philofo-* 
phical explanation, was attended with the mod complete fuc- 
cefs, and had a very ftriking eflfebt. 

^thMrs^Gar vo y a g® was made from Vauxhall Garden# by# 

nerinandMr. ' Mr. Garnerin, accompanied by Mrs, Garnerin and Mr* 
Glasfurd, Glasfurd, on Tuefday, the 3d of Auguft, at a quarter pait fever* 
in the evening, The day was calm and .ferene, and Mr* 
Garnerin made the offer of defcending by the parachute, which 
he fays in hk letter was rejected, but not by whom. Circura* 
fiances were highly favourable to the profpecl. The travellers 
palfed (lowly over the metropolis in bright fun-dhine* at an ele* 
vation which permitted them to be dijtin&ly feen by. a good 
perfpedtive magnifying about 30 times, and for the moft part 
they were much more clearly feen. A cat attached to a^parav 
chute was let fall from an height of about 600 feet. ItdefcetxL 
ed fwiftly at firfi, till the parachute was fairly expanded* and 
then came down (lowly and with fafety. They landed near* 
Hampftead, about two miles north of the frhrts of the town. 
Promifc of a dif* Notwithfianding the very ample > ddculhon the fiubjefct o$ 
ob'Sfl 011 ° n ***** aerQ ^ a ^ on has had at the period of its invention, I. apprehend 
that my readers will not be difpleafed to fee an outline of what 
relates to it, with an inquiry into the probabilities of its be* 
coming of any extended degree of utility; and this I purpofe 
to do in our next. 

Commercial College at Hull, 

Dr. J. Alderfon of Hull, has given out propofals for efhu 
blifhing a college in that town, for purpofes highly inlerefting 
to that commercial intercourfe which has in fo many refpe&s 
extended the powers and enjoyments of the civilized ibcietie& 
of modem times, and is (o intimately connected with the im- 
provement of the intellectual and moral habits of man, Ho 
fiates as the obje£ts of the eftablifhment, 1 ft, To obtain for the 
man of bufinefs precife information on the nature and value of 
every article of commerce, whether crude or maiwfa&ured ; 
2d, To point out the country where fueh articles are bed to be 
procured ; 3 d, To render him acquainted with die various 
procefles by which they are rendered marketable ; and, 4 th. 
To inftru& him in the languages of the different countries te 
which the objects of commercial intercourfe may lead him. 

The 


Obje&i of a 
propoXed com- 
mcicial college. 
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The plan is to form a mufeum, and to ered a building for Plait* 
the accommodation of Profdlhrs, and the reception and difplay 
of fpecimensof raw materials and manufadured articles. One 
Profeflor to be engaged to teach the fouthern languages, an- 
other the northern, and a third to have the care of the mufeum 
and the office of explaining whatever relates to the fpecimens 
under his care. The eftiraate for the building and fpecimens* 
to be raifed by fubfcription, is 2,500l. ; and it is propofed that 
the corporations ihould endow the Profeflors with 50l. per an- 
aum each. 

The Doctor, who ftands in the honourable fituation of pro- Its great advaa- 
poferof an eftablifhment fomanifeftly ufeful, difclaims the no- U8es# 
tion of this being a charitable inftitution ; but confiders it aa 
the private intereft of every fubfcriber. *' As the father of a 
large family," he obferves, “ I certainly (hould not think my- 
felf at liberty to fubferibe fifty pounds merely for the perfonat 
pleafure thatrefults from the contemplation of a charitable ac- 
tion ; but in fubfcribing fifty pounds to the above inftitution, I 
confider my intereft and the welfare of my family. I am con- 
vinced it will add to the wealth and importance of the town ; 
and in both of thefe I am deeply interefted: but the greafceft 
intereft I have, is in the facility it will give to the education of 
my children. In a commercialcountry and a fea-port town, 
the acquifiiion of knowledge that evidently leads to the im- 
provement of trade, becomes an objed of the firft moment in 
the education of youth ; and the mode now propofed offers ad- 
vantages which no private fchool can poffefs. To bring toge- 
ther under the immediate obfervation of youth (while yet the 
memory is moft retentive), perfed fpecimens of the different 
articles of commerce, both of the raw material and of the ma- 
nufadured, will enable him to bear in mind the precife value of 
any article he may be called upon to appreciate : To point out 
the country where every article is firft procured or manufac- 
tured, will qualify him to go to the cheapeft market, and by 
teaching him the language of fuch country, he will be at all 
times capable of tranfading his own concerns without the in- 
tervention of interpreters, often a very ferious fource of impo- 
fition." 

It will no doubt be of great advantage to the town of Hull, 
that this plan fhoald meet with fupport, and to the community 
at large, that it Ihould be followed in other places. 

2 A Syftem 
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A SjjJlem of Chemifiry in Four Volumes . ^ThomasT hom s <f 
M. D. JLeSturer on Chemifiry in Edinburgh. 

Thomfon’s che- This work of Dr. Thomfon (who is well known to the pub- 
Iniftry * lie by his excellent notes on an edition of Fourcroy’s chemifiry 

in three volumes, as well as by feveral important memoirs in 
our Journal, and other productions) is intended to exhibit a 
detail of the vail number of faCts which conflitute the fcience 
of chemifiry, blended with the hiflory of their gradual deve* 
lopement and of the theories which have been founded on 
them, and accompanied with exaCi references to the original 
works in which the different difeoveries have been regifleredj 
His plan or order of arrangement will be belt feen by enu- 
merating the contents. 

After a fliort introduction, it is divided into parts, books, 
chapters, and fe&ions. Part firft relates to the principles of 
chemifiry. Simple fubflances, viz. oxigen; fimple cornbuf- 
tibles, viz. fulphur> phofphorus, carbon, hidrogen, azote : 
Metals, 22. — Light; caloric; general obfervations. — Com^ 
pound fubflances. Primary: Alkalis; earths, 10; oxides; 
acids. Secondary: Glafs, falts, hidro-fulphurets, foaps.— Of 
affinity. — Examination of nature. Of the atmofphere ; of 
water ; of minerals ; of vegetables ; of animals. 

To enter into a detail of the numerous interefling and highly 
valuable faCts and flatements which abound under the heads 
above enumerated, would be impracticable in the fhort limits 
of a notice. I mufl therefore content myfelf with obferving, 
that it is a clear, comprehenfive, and accurate fyflem, in which 
the learner will be orderly led from one truth to another, and 
the man of information will with eafe find the compendium 
and references he may want ; that it is beautifully and clofely 
printed on fine paper, with fide notes ; and upon the whole 
mufl prove a deferable acquifition to our flock of means for the 
advancement of chemical knowledge. 

Death of Thomas Garnet, M. D. late Prof effor of Chemifity 
and Natural Fhilofophy at the Royal Inftiiution , §c. fyc. 

Death of Dr. On the 28th of June lafl died of a typhous fever, caught in 
Garnet. the gratuitous exercife of his profeffion. Dr. Thomas Garnet, 

a man who, for his philofophical knowledge, his arduous 
exertions in diffufing information by his lectures, and his 

amiable 
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amiable and ufaffuming difpofition in fociety, will be long 
regretted by the world, and by his friends in particular. He Some account of 
was a native of Weftmoreland, and after a regular education, ^ 
fludied phyfic at Edinburgh, which he afterwards praCtifed 
at Harrowgate. Subfequent to this period, he commenced 
a courfe of leCtures on chemiftry and experimental philofophy 
at Liverpool, which he repeated at Manchefter with fuch 
fuccefs, that when a vacancy offered in Anderfon’s Inftitu- 
tion at Glafgow, he became a candidate for the appointment, 
and obtained it. . In this fituation he acquired fo high reputa- 
tion, that he was applied to by the Managers of the Royal 
Inftitution to be the firft Lecturer in that eftabli foment, which 
unfolicited honour he accepted, and delivered a very extenfive 
and truly laborious courfe of leCtures during the commencing 
feflion of that corporate body, which were followed by the firft 
ranks in audiences fo crowded, as perhaps were never before 
witneffed on a fimilar occafion. 

Before he quitted Harrowgate he married a Mifs Cleveland, 
whofe talents and accompli foments were peculiarly adapted to 
his own. With this amiable friend and partner of his fortunes 
he paffed a few fhort years happily, and became the father of 
two daughters. But the birth of the latter infant was fatal to 
her mother. It was foon after this event, and during the 
early exertion of his fortitude under fo great an affliction, that 
he became attached to the Royal Inftitution. His conftant at- 
tention to his numerous occupations, fupported by the hope of 
fecuring an independence for himfelf and the orphan reprefen- 
tatives of their regretted parent, afforded the moll rational 
means of confolation. But the energies of the mind cannot 
fupport the phyfical ftruCture under accumulated labours, anx- 
ious reflections, and the folitary privation of that domeftic fo- 
ciety which choice and habit had rendered dear to the human 
heart. His health became impaired, but his determination to 
proceed, continued in all its vigor. He took an houfe in 
Marlborough ftreet, increafed his ftock of apparatus, com- 
pleted a leCture room, and his claffes became highly refpeCt- 
able under .him as the leCturer on his own private account. At 
this period it was, when he had applied the whole of his means 
and the utmoft ftretch of his powers to the well grounded plan 
of eftablifoing himfelf in the ufeful and honourable profeflion 

he 
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fie had adopted ; at this period it was that death termihated alt 
his hopes, and left his infants too young to feel the poffibte 
extent of their misfortune ! 

I have faid the pojjible, and not the probable extent of 
their misfortune. He himfelf in the ldteft moments of his 
life mud have known^-nay he did know- — that the public? 
he had endeavoured to ferve and to inftrudt, have ever been 
alive to cafes much lefs powerfully claimant on their feelings, 
their generofity, and their juftice. Thefe children cannot be 
iorfaken by the numerous and affluent individuals who efteetned 
his virtues and revered his talents. When it lhall be known 
that his Left u res on Zoonomia are to be publifhed by a fub- 
fcription deftined to the purpofe of affording them an humble, 
but independent fupport, they will moft affuredly find the lofs 
of their parent fupplied in this refpe&, by that ready benevo- 
lence which is fo peculiarly chara&eriftic of our country. It 
is intended to addrefs the Public at the feafon when the town 
iills ; but in the mean time the Royal Inftitution have permit- 
ted the work to be printed at their prefs, and have ordered a 
donation worthy of the fpirit and liberality of their views. 
Several gentlemen have alfo fubfcribed, and I am authorized 
to allure the friends of this laudable undertaking, that fubfcrip* 
lions are received at the houfe of the Royal Inllitution. £ 
Iftiall myfeif be very happy to afford any farther information to 
-enquirers. 


*»* Mr. Notlem will have the goodnefs to point out the Volume and 
Paft of the pafTage for which he wifhes to have an explanation. 
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ARTICLE I. 

Obfervations upon fome remarkable Wells near the Sea Coafi at 
Bright helmftone , and other Places contiguous. By the Rev. 

W. Pearson, P. R. 1. From the Author . 

In FifhePs “ Defcription of Brighthelmftone, and the adja- The well* near 

cent country,” (p. 38, fourth edition) it is faid that “ water * s tlTbc 011 * 

procured at Brighton from wells of conliderable depth, and empty at high 

being filtered through chalk, of which thefe parts are one im- watcr » and 
® ° * .at low water, 

menfe rock, it is of courfe perfectly cleared of every fpecies 

of foulnefs. The following phenomenon is obfervable in fe- 
veral of thefe wells ; at the time of high water they are empty , 
and at low water they are full;” like wife under the article Rot- at Rottingdcan. 
tingdean of the fame pamphlet we read, “ On the road to 
Newhaven, at the diftance of near four miles from Bright- 
hehnftoqe, lies the pleafant and delightful village of Rotting- 
dean. This place is remarkable for its wells, which are nearly 
empty at high water, but which rife as the tide declines. Thefe 
aflTertions appeared on perufal fo lingular, that I formed a de- 
termination of availing myfelf of the opportunity which a tem- 
porary vilit to this fafhionable bathing place gave me in the 
month of July laft, of examining how far the flatements in 
queftion are accurate ; accordingly I obtained a plumb line, 

Vol. III.— October, 1802. F and 
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OBSERVATIONS ON WELLS. 


This report is 
not accurate. 


but was lately 
repeated in a 
refpe&able 
newfpaper. 


The South' 
Downs lie on a 
bed of chalk 
Hoping towards 
Brighton 5 


upon which the 
rains are con- 
veyed 5 


and meafured the depths of the furface and bottom refpedivelf 
of feveral wells in different weeks, and at different hours ot 
the tide ; the refult of which meafurements turned out to be a 
convincing proof that this traditionary report, though partially 
founded in fad, has been greatly exaggerated ; but whether 
or not for the purpofe of enlertaining the vifitors of this place, 
it would be prefumptuous to determine. At the time, how- 
ever of my vifit, it was not my intention to lay before the phl- 
lofophical reader any obfervations which were made, but 
merely to regifter them by way of private araufement ; which 
intention would have been adhered to, had I not met with a 
paragraph in the General Evening Poft of Tuefday, Aug. 24, 
1802, of which 'the annexed is an exad copy . — “ Rotting- 
dean, four miles from Brighton, on the road to Newhaven, is 
remarkable for the lingular variation of its wells, which rife as 
the tide declines , and art nearly empty at high water ! The re- 
fearches of philofophy have not as yet been able to affix the 
caufe of this apparent contradidion in the courfe of nature.” 
This attempt to excite a more general aftonifhment than was 
excited by the Brighthelmftone guide alone, and confequently 
to call the attention of the philofopher to inveftigate the fub- 
ject before us, has induced me to recur to my notes, and to 
tranfmit for your Journal the dedudions I had made from them, 
in order to fliow that there is no apparent contradiSHon in the 
phenomenon , as it has been called, of the Brighton Wells. 

The South Downs, which conftitute a ridge of high ground 
to the north of Brighton, the fummit of which is parallel to 
the fca coaft, have their gradual Hope inclining towards the 
fea or fouth fide, and the declivity, which approaches more to 
a perpendicular line, facing the level country on the north ; 
and the dip of the ftratum of chalk, and confequently of its 
impermeable bed, is in a diredion from the fummit to the fea, 
or from north to fouth ; the rain therefore which falls upon 
thefe Downs may be expected to run down the bed of the 
rocks until it arrives at their lower extremity, where, if it 
meet with any oppofing clay, or other impermeable fubftance, 
it will colled into a body of water, and, as it colleds, rife 
through the crevices of the rock and fuperincumbent perme- 


and form fprings able earth, till it {hews itfelf in the form of fprings. This rea- 
at its lower ex- foning, if my recolledion be perfed, is agreeable to the theory 
tremlt y> of Mr. Pilkington, whofe fuccefs in draining and tapping 


fprings 
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fprings is now pretty generally known ; and in conformity to 
it I was led to fearch in the firft place for the lower extremity 
of the rock, which I found was upon the Jhore, near the Repa- 
ration between the rounded ftones and fand, at from thirty to 
forty yards by eftimation below the bank. Here, as I had which make 
previoufly fuppofed, I found the frelh water continue to fpring thc*fea at the 0 
or guSh out constantly in a line extending parallel to the bank, diftance of thirty 
both to the eaft and weft of Brighton as far as I examined, ^jj^he^igh- 
In this line then are Situated the natural firings of the place, water bank, 
which, if the fea were remote, would be not only perennial, 
but probably would emit an equal * quantity of water at all 
times ; but in every tide the fea covers this line of natural Thefe fprings 
fprings, from three to fix feet we will fuppofe, according to ^ fa every* 
the ftate of the moon, wind, &c. fo that the frefli water is tide; 
prevented from making its efcape by the heavier fuperincum- 
bent fait water of the fea, the confequence of which is, that, 
from the time the fait water covers this line, the frefh water and confequent- 
begins to accumulate in the bed of the rock and inclined rock Iy * hc . upper 
itfelf, as high at leaft as the furface of the tide. During the vented from 
time therefore that the tide continues above this line, the frefli comin S down 5 
water is pent up in the rock at a diftance fufficiently remote 
from the fea, to exhibit a perceptible rife in the artificial wells and the wells 
fouthward of the bank, which are dug down into the bottom become fuUcr » 
of the rock. That this Should be the cafe to a certain extent 
it was natural to expeft, but what period of time Jhould elapfe not at h)gb 
between the inftant of the tide’s arriving at the line of the na- ^ but ^ t9rm 
tural fprings, and the inftant of a perceptible rife commencing 
in the artificial wells, at fome diftance from #iat line, can only 
be afcertained by a&ual obfervation, for both the diftance of 
the wells, and number as well as capacity of the fmall natural 
du6ts that convey the water mud be taken into the considera- 
tion, if an attempt were made to inftitute a calculation, and I 
confefs my memoranda are rather deficient in this refpeft; 
my attention having been dire&ed more particularly to afcer- observations at 
tain the States of the tide when the wells were at the two ex- t°the fa&s* 
tremes of riling and falling, which times are erroneously af- 
ferted to be about Six hours from being contemporary with the 

• The reafon for this fuppofition is, that the quantity of inclined 
furface is very considerable, and is alfo .contiguous to the fea, where 
glowers are frequent.— -W. P. 
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influx and efflux of the tide. The two wells, which were 
mod convenient for examination, were, one immediately be- 
hind Fifher's library, and another in a little office at a fmall 
public houfe called the Dolphin, near the foot of Ead-dreet, 
which the fifhermen ufe for procuring water for tanning their 
nets ; which two were nearly equally didant from the bank, 
and fubjeCt to the fame alternations of riling and falling. 
Deductions. The dedu6tions which were made from a variety of mea- 
furements were as follow : 

fhHeftduring C 1 * The wells are mod filled with water when the tide is re- 
the ebb. tiring from the line of the natural fprings ; evidently becaufe 

the accumulation of frefh water continues as long as the fait 
water is above the faid line. 

The fprings are 2. The whole continuance of the tide above the line of the 
hours by the fea;^*P r ^ n § s > or time of filling, appears on an average about four 
hours. 

fixfho^s^ 6 * 1 ^he w ^°^ e ^ me emptying feems to be about flx hours. 

A (hallow well 4*. The well at the Dolphin is about three hours quite empty 

becomes quite i n every tide, but the other, which is deeper, is never quite 

empty : a deeper 

not fo. em pty. 

Particulars, 5. At two hours after high water on the 16th of July, viz. 

well known. one an( j a a ft er p u jj moon ^ t j ie wa ter in the well at 

the Dolphin was two yards deep. 

6. The fifhermen who ufed the well at the Dolphin, in- 
formed me that they knew r eiy well that the water in the wells 
rofe to the greated height at two hours after high water, and 
were at the lowed two hours after low water, which infor- 
mation accords \jjth my obfervations. 

The water frefh. 7. The wa ter always taded frefh and pleafant. 

A remote well 8. A well about 170 yards more remote from the fea than 
fcareely varies. 0 f Dolphin, in a direction towards the market, never 
varied more than three inches and a half in depth at the dif- 
ferent times of obfervation. 

Why the deeper 9. The well near Fifher’s is eight yards and .30 inches deep, 
water h ° ldS US which depth is probably below the line of the natural fprings, 
and therefore it contains water at all times; but the other is 
not fo deep, and therefore lofes all its water every tide. 

The effect has From thefe deductions it will, I prefume, appear evident 

rea*y b ftated and not on ty tiiat tlie accounts which have been circulated refpedl- 
accounted for. ing the wells at Brighton, Rottingdean, and other villages 
contiguous to the Suflex coad, are erroneous, but a’fo that a 

latisfaclory 


The water frefh. 

A remote well 
fcareely varies. . 


w?ll holds its 
water. 


The effeCt has 
thus b?en cor- 
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Satisfactory reafon may be given for their reciprocation, which* 
though not contemporary with the ebbing and flowing of the 
tide, is yet fo far dependent upon it, as to follow it at an in- it refembles a 
terval of two hours, but in fuch a way that the immediate in - river tide, pro- 
fluence of the tide upon it only lafts about four hours out of the watcr by 

twelve, notwithftanding the effeCt produced in that time re * - t • 

quires nearly fix more to put the wells into their original fiate j afcr . an< jbas 
of vacuity or reft. its ebb longer 

Laftly, the fame reafoning which accounts for the alternate jf^he Stream 1 * 
riling and falling of the water in the artificial wells, makes it flowed down a 
more than probable, that if the line of the natural fprings had ^alTthe h'ighcfl 
been below the low- water mark, the artificial wells would tide, the ftream 
have been not only required to be deeper, but would have ^ uld alwajfS 
been invariable in quantity ; alfo, that if the faid line had been 
above high-water mark, it would have been in vain to have 
dug for water into the rock above, whilft there continued a 
natural ifliie below : and fhould it be afked, why the water 
that has an immediate communication occafionally with the fea 
yet continues frefh, the fame anfwer may be given that will 
apply in the cafe of frefh water being driven bapk to Chelfea 
and Putney at every fucceflive tide that enters the mouth of 
the Thames. 

Parfon Green , Aug. 29, 1 802. 


II. 

~ On the Theory of Galvamfm. By John Bostock, M. D . 

From the Author. 

TPhE following Paper contains fome remarks upon the elec- Galvanifm and 
trical pile of Volta, principally made with a view to- illuftrate *** 

and confirm the theory of its aCtion, which I propofed in my 
former communication. 

1 . With refpeCt to the nature of the agent producing the 
phenomena of galvanifm, there can fcarcely remain any rea- 
fonable doubt of its perfect identity with the eleCtric fluid. 

The apparent difftmilarity in the eflfe&s of an electrical ma- 
chine and a galvanic pile has been fufficiently accounted for, 
without fuppofing any thing eflentially different in their nature, 
and we feem enabled by proper management to produce from 

either 
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either apparatus at pleafure every effect of galvanifm ftriflljr 
fo called ' or of ele&ricity. There appears however to be a 
the pile. great difference in their mode of adtion ; in the pile the fluid 
is actually generated, whereas in the machine it is merely 
transferred from one body, where it previoufly exifted in a 
difengaged ftate, to another body. In fupport of this pofition 
it may be alledged, that the energy of the pile is found to be 
materially increafed by being infulated, whereas in the com* 
mon machine it is impoflible to produce any confiderable de- 
gree of excitement *, unlefs there be a communication formed 
by a conductor between the rubber and the furfaceof the earth. 
Dr. Woollafton, who has thrown fo much light upon this fub- 
je6t, feems to have carried too far the analogy between the 
methods of exciting the ele&ric fluid, when he confiders the 
The pile is con- oxidation of the amalgam on the cuihion, as more than a fe- 
r at\ng y Vndithe" condary caufe in the operation of the ele&rical machine. By 
eleAric machine confidering the pile as a generating, and the other as only a 
apparatuf”^ colle&ing apparatus, we may aflign a probable caufe for the 
vivid fparks, the bright flalhes, and the more confiderable 
marks of excitement which are exhibited by the common ma- 
chine ; in this latter cafe a quantity of electric fluid derived 
from the neighbouring bodies, is as it were forcibly detained 
in the apparatus, and is ready to efcape to every fubftance 
for which it poflefles any degree of affinity ; whereas in the 
pile, though there is a rapid and conftant produ&ion of elec* 
tricity, yet being derived from a change which takes place in 
its own compofition, by which different parts of it appear to 
acquire different capacities for the eleftric fluid, it Teems little 
difpofed to enter into any combination with the furrounding 
bodies, and is only brought into action by the approximation 
of the different parts of the apparatus itfelf. 

The effcds of It wasjuftly remarked by Mr. Nicholfon, that the peculiar 
the pile has been effects of the pile may be aferibed to the ele&ric fluid exifting 
great quantity of it in a large quantity, but at a low degree or lntenfity. 
btf-n C,t fi at * This cooperation eafily explains all the fingular properties of 
y 9 the apparatus, but it ftill remains to be afeertained by what 

* This is an overfly ht. In fa£t, the ground ferves only to form 
a communication between the receiving conductor and the cuihion, 
and the excitation is fully as ftrong when the current is made to fly 
from the plus to the minus conductor, when both are infulated,— -N . 

means 
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means this difference of intenfity is produced. By different 
degrees of electrical intenfity it is generally underftaod, that 
the fame quantity of uncombined * eledtric matter may be dif- 
fufed through a greater or lefs fpace, and in confequence of 
this, as it exifts in a date of concentration or dilution, it will 
exhibit effedls more or lefs violent. In the galvanic pile it 
might have been fuppofed from the fmall bulk of the apparatus, 
that a large quantity of eledtric matter could not have exifted 
in it except in a concentrated fiate, but we find that the con- 
trary is invariably the cafe ; nor has any method been hitherto 
contrived by which the electricity of the pile can be made to 
exhibit the fame marks of intenfity with that of the common 
machine. Future experiments will probably enable us to de-but the nature 

termine with more precilion in what the difference between a 0 £^e differences 
r of intenfity have 

greater or lefs intenfity confifts; poffibly the eledtric fluid, as n otbeen ex- 

is the cafe with many other bodies, may differ in its nature plained. 

according to the method employed for extricating it from the 

fubftances with which it was previoufly united. 

2. That the extrication of the eledtric fluid in the pile of The eiearicity 
Volta depends upon the rapidity with which the furface of the °£ l ^ c pil ^ e e ^ 
metal is oxidated, after the experiments which have been pfcTity of Lid” 
performed, and particularly thofe of Mr. Davy, feems to re- don, &c. 
quire no farther proof. It is however not only neceffary that 
the fluid (hould be extricated, but that when difengaged it be 
concentrated and carried forward in a uniform direction. This 
confideration clearly explains the reafon why in the con ft ruc- 
tion of a pile there mull either be two metals employed, which 
are differently adted upon by the interpofed fluid, or that the 
different furfaces of the fame metal be fubje&ed to the adtion 
of different fluids. Dr. Van Marum conceives it impoflible Dr. Van Marum 
that the extrication of the eledtric fluid can depend upon the denies this, 
oxidation of the metals, becaufe he found that the pile adted 
-more powerfully when he ufed the muriate of ammoniac, than 
when a diluted acid was employed ; but the objection of the 
learned experimenter is fufficiently obviated by the confide- 
ration fuggefted above. He farther alledges in fupport of his particularly be- 
opinion, that a pile with potafli interpofed between the plates for^g^ai^fin 
adted very powerfully, though no oxidation was produced. I without oxi'da- 

have repeated this experiment, and have on the contrary uni-I 10n >, 

r but the contrary 

proved to be the 

* Or uncompecfated by its opposite.— -{I. f»a. 

. formly 
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formly found the furface of the zinc covered with a white 
cruft $ in this cafe the water employed in difiolving the potalh, 
oxidates the zinc in confequence of the attraction which fub- 
fifts between the oxide of zinc and the fixed alkali. We con- 
clude it to be a general faCt, that whenever a metal is oxi- 
Probably the dif- dated the eleCtric fluid is difengaged, and it is probable that 
euSridty'iial- reverfe of this propofition will be found to be true, viz. 
way* attended that whenever electricity is difengaged from a metal it becomes 
in^metai ati0n ox ^ atec ** ^ will appear therefore, that the experiments 
which were made with fo much accuracy by Sig. Volta, upon 
the different electricities produced in metals by mutual con- 
tact, though certainly inadequate to form a complete theory 
of the aCtion of the pile, are yet not to be difregarded in our 
The true theory attempts to increafe the power of the apparatus. In order that 
that^fVolte 6 * ts C0n ^ ru ^ I0n b e adapted for exhibiting the greateft energy, 
combined with it will be neceflary both that the metals employed be fuch as 
that of oxida- to produce a current of electricity when brought into contaCt, 
Uon#i andalfo that the interpofed fluid fliould rapidly oxidate one of 

the metals without exercifing any aCtion upon the other. The 
combination of zinc and filver anfwers the firft of thefe con- 
ditions, and accordingly affords the beft materials for the for- 
mation of the pile. With refpeCt to the interpofed folution, 
the muriates, and particularly the muriate of ammoniac, have 
for the moft part been found the moft efficacious, probably in 
confequence of the attraction which fubfifts between zinc and 
the muriatic acid. The muriate of ammoniac is known how- 
ever to aCt readily upon copper as well as upon zinc, and yet 
we find that this fait in a ftate of folution powerfully excites 
the energy of a pile com poled of zinc and copper, a faCt which 
feems to militate againft our hypothefis. With a view to il- 
luftrate this point the following experiments were performed : 
Exper. I. Zinc lft* A piece of zinc was expofed to the aCtion of a faturated 
expofed to fatu- folution of the muriate of ammoniac, a fmall quantity of hi- 
muriate of am- drogen gas was difengaged, the fluid acquired an excefs of 
jnonla caufed ^ alkali, and after fome time the metal became covered with a 
drogen, * 'abforbed w ^ite cruft. 2. A clean plate of copper was placed horizon-* 
fome acid, and tally in a folution of the muriate of ammoniac ; after a few 
Exp"i popper ^ ours u PP er furface of the metal was covered with a bright 
in like circum- green cruft, while the under furface became beautifully ftud- 
ided^nd'ab* ° X ” with fmall, tranfparent, and nearly colourlefs cryftals. 
forbed acid, &c. Thefe cry ftals after expofure to the air aflfumed a green hue, 

fimilar 


Digitized by Google 



ON THE THEORY OP GALVANISM. 


73 


fimilar to that of the cruft on the other fide of the copper. 

This green cruft was fcarcely adted upon by water, but was 
rapidly diffolved by ammoniac, and the folution became of a 
deep blue colour. It feemed therefore to be a muriated oxide 
of copper. The cryftals were only in part foluble in water, 
the in foluble part became brownifh ; it was quickly diflolved 
by ammoniac, and a deep blue was produced. The water in 
which the cryftals had been digefted was without colour or 
fmell, but upon the addition of a few drops of cauftic potafli, 
it exhaled a ftrong odour of ammoniac. Thefe cryftals there- 
fore appeared to confift of muriate of ammoniac united to a 
quantity of the oxide, or muriate of copper. The fides of the 
glafs were lined with a coating of the green oxide, and as the 
ammoniac continued to evaporate, the quantity of this oxide 
was increafed. The fluid in which the copper had been di- 
gefted exhibited alkaline properties, and was of a deep blue 
colour ; it contained the ammoniated oxide of copper. 3. A Ex P cr# 3- 
piece of zinc and a piece of copper fimilar to thofe employed ^ntaft ^a^- 
in the former experiments, were placed in a folution of the milar folution; 
muriate of ammoniac in contaft with each other. The zinc ^cUn. 0 " 11 
was oxidated as in the former cafe, but the fluid remained co- 
lourlefs, and the copper acquired no green cruft ; though after 
being removed from the liquor and expofed for fome time to 
the atmofphere, it gradually acquired a thin covering of oxide. 

The liquor appeared to confift of muriate of ammoniac with a 
fmall excefs of alkali. In this experiment we may conje&ure, 
that the zinc poflefiing a ftronger attraction for oxigen than the 
copper, abftra&s it from the water, and the hidrogen which 
is then difengaged either prevents the oxidation of the copper 
from taking place, or reduces the oxide as quickly as it is 
formed. 4. When the zinc and copper were placed in fepa- Exper. zinc 
rate glafles of the folution of the muriate of ammoniac, and an J Jj°PP^ r 
the metals were connected by a filver wire, the zinc became buHn^eparate* 
oxidated as ufual : the copper was in appearance lbarcely veflcls, and com- 
a&ed upon, but the fluid acquired a blue tinge, which proves fijv^wire* the 
that the ammoniated oxide of copper is formed, arid confe- copper was little 
quently that the muriate of ammoniac and water are decom- p j Ie of 

pofed, and the copper oxidated, though thefe effects take zinc and copper 
place to a much lef6 extent than in the fecond experiment, tf'one 

The general refults are favourable to our hypothefis. as we 0 f the metals 

learn 
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only were oxld- learn from them that the adtion of the muriate of ammoniac 
*c*d ^ mUt * u P on copper is in a great meafure fufpended when the copper 

is in contadt with zinc. 

On the differ- 3. Before we can arrive at a perfect theory of the galvanic 
at the ends of * apparatus, it is neceffary to afeertain what is the effential differ- 
the yile* ence between the condition of the eledlric fluid, as it exifts in 
the two ends of the pile. It is eftablithed decidedly by the ex- 
periments of Van Marum, that the fluid exifts in the pofitive 
ftate at what is called the zinc end, ajid in the negative at the 
oppofile extremity. When the materials are arranged in the 
order of ftlver, zinc, and card, it is evident that the end from 
which the eledlric fluid is difeharged in the pofitive ftate, is the 
one contiguous to the oxidating furface of the zinc. It is not 
altogether determined in what confifts the difference between 
the pofitive and negative eledlricities, but it is generally fup- 
pofed to depend upon the fluid being contained in bodies in a 
greater or lefs quantity than their natural proportion. Let us 
examine how far this takes place in the pile of Volta. We 
may confider each pair of metallic plates with the interpofed 
fluid as a complete apparatus for evolving and receiving the 
eledlric Qiatter; and to whatever extent the pile is increafed, 
we (hall have merely a repetition of the fame adtion. Let Z, 
fig. 3, plate 8, reprefent the plate of zinc, F the interpofed 
fluid, and S the plate of filver. At the furface of the zinc, c d, 
the eledlric matter is difengaged in confequence of the oxida- 
tion of the metal ; this difengaged eledlricity is carried acrofs 
the fluid, and enters the furface of the filver ef, and being then 
diffufed through the body of this plate, the whole of the filver 
acquires the pofitive ftate, and consequently * becomes the po- 
fitive and k the negative end of this little apparatus. Does the 
plate of zinc in this cafe become abfolutely or only relatively 
negative ? It might be fuppofed that no other part of the zinc 
fliould have its electricity charged except that which is oxi- 
dated; yet from the experiments of Van Marum and others we 
are led to conclude, that the zinc becomes abfolutely negative 
through its whole fubftance. Dr. Van Marum informs us, that 
when the wire of a Leyden phial was applied to the negative 
end of his large pile, the infide of the jar became charged with 
negative eledlricity ; and as there does not appear to have been 
any connexion between the external coating and the other ei\d 

of 
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of the pile, we mult conclude that the zinc plate becomes ablo- 
lutely negative through its whole fubftance. If the zinc be- 
came negative only in relation to the quantity of eledtricity ac- 
cumulated in the lilver, it would follow that the fame effedts 
lhould be produced whether the filver was connedted with the 
negative end of the pile, or with any other metallic fubftance 
of equal bulk ; but this is diredtly contrary to fadt. Betides aDireaiooof the 
variety in the quantity or quality of the eledtricity, another ma- current# 
terial difference between the two ends of the pile is the direc- 
tion of the current. While the eledtric matter is difengaged 
from the oxidating furface, it feems impoffible to imagine that 
it can be received again by the fame furface from which it has 
been difcharged, and which is continually difcharging frefh 
quantities of the fluid. The eledtricity is therefore neceflarily 
diffufed through the interpofed liquid, and from this is taken up 
by the oppofite metallic furface. Upon the uniform dire&ion 
of its current it is that theadtion of the apparatus eflentially de- 
pends ; and accordingly we find that its effedts are fufpended 
when it is altogether furrounded with water, or even when 
the external edges of the plates are moiftened. It is a very Limit of ckdbW 
curious circumftance in the operation of this apparatus, that it zauon * 
does not appear capable of having its power augmented by 
permitting the eledtricity to become accumulated in it. *The 
oxidating furfaces of the zinc are continually difcharging a large 
quantity of eledtricity, all of which is carried forward to the 
pofitive extremity, and does not appear to efcape from it ; yet 
after the two ends of the pile have been brought to an equili- 
brium by means of an uniting condudtor, the energy and in- 
tenfity of the apparatus are inftantaneoufly r eft ore d to as great 
a degree as before the difeharge. Upon the whole it may be 
inferred, that though the two extremities of the pile differ from 
each other in the abfolute quantity of eledtricity which they 
contain, yet there is reafon to fuppofe that fome farther altera- 
tion is effedted, which at prefent we are unable to explain. 

4. With refpedt to the operation which takes place at the ends Effe&t at the 
of the wires in the interrupted circuit, whatever idea we may cn . dsof th « 
adopt of the comparative ftates of the eledtric fluid in the two 
extremities of the pile, we can fcarcely doubt that it proceeds 
from the pofitive to the negative end, or from the wire which 
emits oxigen to that which emits hidrogen. The oxigen which 
is difengaged from the pofitive or difcharging wire, muft necef- 

farily 
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farily cither proceed from the wire itfelf, or be difengaged 
from the fluid in which the wire terminates. If it proceed 
from the wire itfelf, we may conclude that in whatever fluid 
the wire is plunged, the oxigen will ftill be emitted, except the 
fluid ftiould itfelf poflefs an attraction for oxigen. Upon the 
other fuppofition, however, that the oxigen proceeds from the 
decompofition of the fluid, in confequence of the electricity 
uniting itfelf to hidrogen in its paifage between the wires, we 
may expeCt to be able to fufpend the production of oxigen, by 
prefenting to the wire a liquid which contains hidrogen united 
- to fome other element. The liquid cauftic ammoniac promifes 
to anfwerall the requifite purpofes, and we (hall find that the 
experiments made upon it by Mr. Cruiclribank and Mr. Davy, 
though not precifely fimilar in their refults, afford conclufions 
not unfavourable to our hypothefis. Mr. Cruickfhank em- 
ployed wires of platina, and when thefe were connected with 
the pile, and permitted to terminate in ammoniac, he found 
» that the gafes evolved were azote and hidrogen, with fo fmall a 
mixture of oxigen as to render it probable that this latter fub- 
ftance proceeded rather from fome accidental circumftance, 
than from the eflential nature of the operation. Mr. Davy 
ufed gold wires which terminated in two giaffes of ammoniac, 
conpcCted to each other by means of mufcular fibres. He 
found that the pofitive wire evolved gas only in fmall quantity, 
and that it was a mixture of three parts of oxigen and two of 
azote, while the other wire gave out hidrogen in confiderable 
quantity; the pofitive wire was vifibly corroded. I was for 
fome time at a lofs to reconcile the refults of thefe able experi- 
menters, but upon reflection I was led to conclude that the va- 
riation might be produced in part from the nature of the wires 
which they ufed, and partly from a difference in the energy of 
their refpeCtive piles. In order that the experiment fliould be 
unexceptionable, it is neceflary that a metallic conductor be em- 
ployed which poffefles little attraction for any of the elements 
compofing the fluid in which it terminates ; as by this precau- 
tion any change of compofition which takes place muft depend 
altogether upon the affinities of the eleCtric fluid. Gold is on 
this account lefs proper than platina. It may be conjectured 
that in Mr. Davy’s experiment with gold wires, the predif- 
pofing affinity of the oxide of this metal for an oxigenated ni- 
tric acid, would caufe the decompofition of a portion both of 
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the water and the ammoniac, and that the oxigen and azote 
thus liberated, would unite together in fuch proportion as to 
generate a folvent for the metal. We fuppofe the gas which 
is difengaged from the pofitive wire to be produced by the de- 
compofition of the fluid in which it terminates, in confequence 
of the ffrong attraction which fubfifls between the eleCtric 
matter and hidrogen. It may reasonably be inferred that there 
is a point of reciprocal Saturation between thefe fubftances, or 
that a given quantity of electricity cannot pafs between the 
wires unlefs it be united to a definite quantity of hidrogen. If 
the eleCtric matter in the pofitive wire exift there only in a 
fmall quantity, it acquires for itfelf a Sufficient proportion of hi- 
drogen by decompofing the ammoniac alone ; but when the The folution of 
apparatus is large and operates with energy, the ammoniac is aikXdecoml ** 
inadequate to afford the neceffary Supply of hidrogen, and the pofed by a 

water becomes alfo decom pofed. I endeavoured to Submit the we f k * r P owcr > 
r . and alfo water by 

truth of this conjecture to the tell of experiment, for which a ftronger. 

purpofe gold wires were employed terminating in ammoniac, E *p*«n>ent. 
and connected in different inffances with a greater or lefs num- 
ber of metallic plates. The refults were upon the whole fa- 
vourable, but on account of the minute quantities of gas pro- 
cured, I was unable to afcertain its nature with as much ac- 
curacy as was defirable. When the procefs went on rapidly 
the water was decompofed as w ell as the ammoniac, and if it 
was continued for a great length of time, the ammoniac at- 
tracted carbonic acid gas from the atmofphere, and thus pro- 
duced a Source of error in the refults. Several other metallic 
bodies which were interpofed between the ends of the pile, 
were all of them more or lefs corroded in confequence of their 
firong attraction for oxigen. When copper and tin were 
ufed, the oxides were ditfolved by the ammoniac ; in the for- 
mer cafe this was rendered vifible by the blue colour which the 
liquor aflumed, and in the latter by the precipitation of the 
oxide of tin effected by the addition of Sulphuric acid. The 
flips of tin foil which were employed had their extremities 
changed to a brown colour, particularly that which was con- 
nected with the negative end of the apparatus. 

After thefe obfervations upon the aCtion of the pofitive wire. The minus wi rt 
there remains little to be added on the Subject of the oppofite of the pile, 
one; it merely receives the eleCtric fluid alter its paflage 
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through the water, and tranfmits it to the negative end of the* 
pile. If the wire terminate in pure water, the hidrogen is dif- 
engaged in the form of gas ; but if a metallic fait be diilolved 
in the water, the hidrogen is attracted by the oxide, and this 
laft reduced to the flate of a metal. The phenomena exhibit- 
ed in this procefs are often peculiarly beautiful, and the ex- 
treme delicacy which the apparatus pofleffes in difcovering 
even the minuteft metallic impregnations, fuggefts its probable 
utility in the analytical operations of chemiftry. 

How far galvan- 5. A very interefting fubjed of inquiry here prefents itfelf, 
our yiz ‘ * n degree will our theoretical notions of the adion 
cries. and properties of the eledric fluid be influenced by the galva- 

nic difcoveries ? The theory of Dr. Franklin, as well as the 
elegant one propofed by M. AEpinus, feems to be adapted 
only to thofe cafes in which the eledric fluid previoufly exift- 
ing in bodies, was altered either with refped to its difpofition 
or quantity. But we are now in pofleffion of an apparatus by 
which it is adually generated, a circumftance with which we 
were until lately unacquainted, and confequently our hypothe- 
cs, being a general dedudion from fads, will at leaft require to 
be extended, perhaps in fome inftances new -modelled. 

Chemical theory The pile of Volta affords many illuft rations of the modem 
nefitedTy thefc' ^mical dodrines, which appear the more ftriking as effeded 
difcoveries. by experiments made with a different objed in view, and pro- 
duced by an agent which cannot be fuppofed capable of affed- 
ing the refults. The grand queftion refpeding the decompofi- 
tion of water, if it flood in need of farther fupport, derives 
powerful confirmation from the experiments firft performed by 
Mr. Nicholfon and Mr. Carlifle, and fince repeated with va- 
rious modifications. The experiments made with the galvanic 
apparatus alfo confirm our ideas refpeding the compofftion of 
ammoniac and nitric acid, and conffderably add to our know- 
ledge of the adion which takes place between acids and metals. 
They beautifully exhibit the powerful effeds produced by oxi- 
gen and hidrogen when in a condenfed or uncombined flate, 
and promife to afford the chemift a valuable opportunity of 
employing in his different operations thefe bodies in a flate of 
abfolute purity. Every one interefled in the progrefs of philo- 
sophical knowledge, will regard with admiration the difeovery 
of an apparatus, which has enabled him to develope fome of 
4 the 
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the mod hidden operations of nature, and will conlider the 
name of Volta as worthy to be claffed with thofe of Lavoifier, 
Prieftley, Cavendilb, and the other illuftrious founders Of the 
pneumatic chemiftry. 


III. 

A Summary of the mofi ufeful Parts of Hydraulics, chiefly ex - 
traded and abridged from Eytelwein y s Handbuch dtr Mechanik 
und der Hydraulik . Berlin, 1801. By Thomas Young, 
M. D. F. R. S. 


{Concluded from Page 35.) 


Chapter 9. Of-the motion of w'ater in pipes. Motion of water 

The author has attempted to Amplify this fubjedt nearly in in p,pcs * 
the fame manner as that of the motion of rivers, and appa- 
rently with confiderable fuccefs. He obferves, that the head 
of water may be divided into two parts, one of which is em- 
ployed in producing velocity, the other in overcoming the 
fridtion : that the height employed in overcoming the fridtion 
mud be as Jthe length of the pipe diredtly ; and alfo diredtly as 
the circumference of the fedtion, or as the diameter of the pipe, 
and inverfely as the content of the fedtion, or as the fquare of 
the diameter ; that is, on the whole, inverfely as the diameter ; 
this height too mult vary, like the fridtion, as the fquare of the 
velocity. 

Hence / =z—.v % ,f denoting the height due to the fridtion, To find the ve- 
d locity ; 


and a a conftant quantity : therefore. 


at 


Now the 


height employed on the fridtion, correfponds to the difference 
between the adtual velocity and the adtual height, or ^ 


where b is the coefficient for determining the velocity from the 

, . , . r - b % dh—dv % j a b % dh 

height; confequently, *r= , and r a = 

ab % l ab % l-\-d m 

Now 5=6.6, and from Buat’s experiments, ab % is determined 
to be .0211, which ^rees the mod accurately where the velo- 
city is between 6 and 24 inches in a fecond. Whence we have 
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p 1 —-— or ^^45 5 but it is foitfer-* 

.021 li-J-d v 

what* more accurate to make r=x50 */( — — — ^ ; all the 

v V^+50rf> 

meafures being expreflfed in Englith feet, 
allowance for When the pipe is bent into angles, or rather arcs, we muff: 

diminilh the velocity thus found, by taking the produdt of its 
fquare multiplied by the fum of the fines of the feveral angles 
of inflexion, and then by .0038 ; which will gi ve the degree 
of preflure employed in overcoming the refinance occafioned 
by the angles : and deducting this height from the height cor- 
refponding to the velocity, we may thence find the corrected 
velocity. 

CompcanJ pipes. Mr. Eytelwein proceeds to inveftigate, both theoretically 
and experimentally, the difeharge of water by compound pipes, 
with apertures of various dimenfions between them : he allows 
at each orifice for the contraction of the ftream, and calculates 
the height neceflary to produce the increafe of velocity in each 
inftance, allowing alfo for the fridtion of the pipe. But the 
velocity thus found is fomewhat fmaller than the refult of his 
experiments ; probably becaufe the whole of the force of the 
water accelerated at any orifice, is not immediately loft as foon 
as it arrives at a wider part of the pipe. The afeent of water 
in a compound pipe, to the level of a refervoir, is next confi- 
dered, a cafe which often occurs in pump-work ; and an ap- 
proximation to the velocity of afeent is deduced from theory 
and compared with experiment. 

Jets of water. Chapter 10. Of jets of water. 

This chapter contains little that is new or interefting ; it is 
well known, that the velocity of a jet is greateft when it fprings 
through an orifice in a thin plate, and in this cafe, the height 
falls little (hort of that of the refervoir. 

Impulfe or hy- Chapter 1 1. Of the impulfe or hydraulic preflure of water. 
of a water )reffUrC There are three principal cafes of the impulfe of water falling 
perpendicularly on plane furfaces: when a detached jet of 
water ftrikes the plane ; when the plane moves in an unlimit* 
ed extent of water, or is very fmall in refpedt to a ftream that 
ftrikes it; and when the impulfe takes place in a limited 
channel. 

When the ftream Suppofing a ftream of water to ftrike againft a plane fo as to 
lofes all its velo- j 0 (* e a jj motion, it is obvious, that the force that deftroVs 

the 


or 37—45.5 ^// 


but it is foitfer-> 


,/+50rf. 


all the 


allowance for 
flexure. 


Compc and pipes. 


Impulfe or hy- 
draulic preflure 
of water. 
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the motion mull be equal to the force that generates it ; that 

is; to the weight of the column of water operating during the 

time neceffary for its acquiring the given velocity : and the 

quantity of water arriving during this time, being equal to 

twice the column of which the length is the height due to the 

velocity, the hydraulic preffure rouil be twice the weight of 

fuch a column. The relative impulfe againft a plane in mo- or when the 

tion, muft be determined from the difference of the velocities : p,an€ reccdes# 

but when all the water of a ft ream ftrikes againft a plane, the 

effect of the impulfe may be more Amply determined, as if a 

folid body (truck the plane with the relative velocity ; and this 

is nearly what happens in underlhot water-wheels. 

When a detached jet ftrikes againft a plane, it appears. Detached jet* 
from the experiments of Boffut and Langfdorf, that its effeCt 
is equal to the weight of an equal column of twice the height 
due to the velocity ; but the plane muft be at leaft four times 
as large in diameter as the jet ; if it be only of the fame (ize, 
the effeft will be but one half as great. In an unlimited Unlimited 
ftream, the impulfe is alfo nearly determined from the height ftrcam > 
correfponding to the velocity ; and it appears, that the effeCt 
is nearly doubled by confining the ftream to prevent its divert- confined in a 
ing laterally from the float-boards. channel. 

For oblique furfaces, the effeCt of a detached jet in its own Oblique farfaces 
direction, appears to vary as the fquare of the fine of the angle °PP° fe<i to a jet. 
of incidence; but, for motions in open water, we muft add to 
this fquare about y of the difference of the fine from the radius: 
a Correction which is tolerably accurate, until the inclination 
becomes very great. Mr. Eytelwein found the refiftance to 
the motion of a fphere nearly £ of the refiftance to a circle 
equal to its feCtion : perhaps it was a hemifphere, otherwife it 
is difficult to reconcile the refult with other experiments in 
which it has appeared to be only y. 

Mr. Eytelwein informs us, that at the temperature 14° of Weight of diftfo 
Reaumur, or63f of Fahrenheit, a cubic foot of diftilled water lcd wat *r. 
weighs 66.0656 pounds of Cologne, or 65.9368 commercial 
founds of Berlin. According to Sir George Shuckburgh’s 
experiment, an Englifti cubic foot of diftilled water at 66* 
weighs 997 ounces avoirdupois ; and water expands for every 
degree .000165 : hence the pound of Cologne is 1.0312 Eng- 
lifh avoirdupois pounds, and that of Berlin 1.0332. 

Chapter 12. Of.overihot water- wheels. Ovcr(hotwhc«lr 

The power which operates uponoverftiot wheels, is divided 
Vol. HI.— October, 1802, G into 
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into two parts, one derived from the weight of the water in th*, 
cells or buckets, the other from the impulfp of the water falling 
on it : the effed of the firft isconftant, that of the fecond varies 
with the velocity : the maximum is found to bp when the ve- 
locity is half that of the water received ; but the variable part 
being the fmaller, the rule is of little pradical confequence, 
and the velocity of the wheel is generally greater than this. 
verlfn^tKe^ * 0 ” au ^ r °bfe rves > that by turning the ftream back upon the 
tation. nearer half of the wheel, vye remove the refinance of the lower 

water, fince it runs off in the fame diredion with that of thp v 
water-wheel. 

Undcrfhot Chapter 13. Of undertftot water-wheels. 

Theauthpr enters into a minute defcription of the parts of 
an underfoot water-wheel : he obferves, that the moft advan- 
Floatboards tageous pofition for the floatboards in a ftraight channel is, when 
pendicuUrl)u Cr " are perpendicular to the water at the time that they rife 
out of it: that only one half of each Ihould ever be below the 
furface, and that from three to five, (hould be immerfed at once, 
according to the magnitude of the wheel. When there is fuf- 
ficient fall, the floatboards (hpuld be divided.and made into 
buckets, fo that the wheel may become a breaft wheel ; the 
polition of the external portion being fuch, that a line drawn 
through it at the time when the water enters, may divide the 
vertical radius in the fame proportion that it divides the qua- 
drant of the circumference ; that is, if the water is received, 
for inftance, at one third of the quadrant from the bottom, the 
line mud leave one third of the radius above it. A formula is. 
laid down for calculating the adual force of a given ftream of 
Vnderlhot wheel water on a wheel, and it is (hown, that half the velocity of the 
widi ha^fthe^ ^ earn * s that vv bich gives the maximum of effed, the theory 
velocity of the agreeing perfectly, with the experiments of Smeaton and others* 
for, fince the effect is eftimated by the produd of the force into 
the velocity of the parts upon which it ads, and fince.the force 
is in this cafe {imply as the relative velocity, becaufe the quanr 
tity of water is given, and the whole of it is fuppofed in all cafes 
to ad; therefore, the effed will be expreffed by the produd of f 
the relative andabfolute velocity of the, wheel, or e=va; but 
— a, v being the velocity of the ftream, and ra?=zav—aa 9 
which is obvipufly greateft when v=2a, as is evident either by 
taking the fluxion, or by conftdering that the greateft ordinate 
of a femicircle is the radius. 
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' To ftiow the advantage of breaft wheels over common un- Breaft wheel* 
<kr(hot wheels, the author quotes Mr. Banks’s experiments. 

He alfo obferves, that by placing two wheels after each other 
in the fame ftream, about one fourth more force may be ob- 
tained than either by a fingle wheel, or by two wheels fide by 
fide ; but that a fingle wheel has lefs fri&ion, and is generally 
lefs expenfive. 

Chapter 1 4. Of the properties of the air, as far as they relate 
t6 hydraulic machines. 

What Mr. Eytelwein quotes as Mariotte’s difcovery of the Force of air 
iftcreafe of the air’s denfity in proportion to the prelTure, was againft a P 1 * 11 ® 
well known to Hooke and Boyle. From the experiments of 
Woltmann and Schober, he remarks, that the force of the wind 
againft a perpendicular plane, is nearly equal to four thirds of 
the weight of a column of air, of a length equal to the height 
due to the velocity. The height of a column of water nearly 
equivalent to the force or refi fiance may be found, by taking Rule for finding 
the fquare of °f the velocity in a fecond, in Englifh feet. ,t# 

Thus, if the velocity were 1000 feet in a fecond, the refif- Example, 
tance would be equal to a column of water in the fame fur- 
tkce, 25 feet in height ; afid the refiftance to a fphere about 
half as much. 

For another example, if we had a cubic foot of a fubftartce Inftance of the 
equal in fpecific gravity to water, and were defirous of know- 
ing the greateft velocity that it could acquire by falling through by a body falling 
the air; the height of the column of water is here 1, and its in the air: 
fquare root 1 , which multiplied by 200 gives 200 feet in a fecond 
fdr the velocity, when the refiftance would be equal to the weight, 
which of courfe is the limit beyond which the velocity could 
never pafs. Hence we may form an idea of the utmoft velocity 
that a ftone, of moderate fize, could acquire in defcending 
from the upper regions of the atmofphere, or even from the 
neighbourhood of the moon ; »a velocity that would be 
lefs than that of a bomb or a cannon ball, even when it may bebaJL° * ****** 
followed by the eye. 

Again, Mr. Garnering parachute contains about 860 fquare Par»ch»te of 
fetet of furface, and weighs, together with the aeronaut fuf- Garaerin# 
pended from it, about 230 pounds. Here the weight is f-| of 
a pound for each fquare foot, which is equivalent to of a 
foot of water ; multiplying the fquare root by 200, we have 
about 1 3 feet in a fecond for the utmoft velocity ; which is the 
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fame as if one leaped from a height of between two and thjee 
feet. Mr. Garnerin, however, finds the mean velocity of de- 
fcent only eight feet, which agrees better with the experiments 
of Borda, in which the re (i fiance appeared to be 4 of the. 
weight of the column due to the velocity, and exceeded this 
proportion as the furface increafed in magnitude. 

Syphons. Chapter 15. Offiphons. 

For eftimating the difcharge of a fiphon, the head of water 
muft be reckoned equal to the difference between the levels of 
the furface of the water, and of the lower orifice. The author 
obferves, that the theory of waves has been treated in a new 
and improved manner by Lagrange in his M£canique Analy- 
tique. The problem is, however, not yet completely folved : 
Lagrange’s formula includes the depth of the water agitated 
as a given quantity, but it does not inform us how to determine 
this depth from theory. 

Sucking pumps. Chapter J 6. Of fucking pumps. 

The length of a fucking pump muft never be greater than 
30 feet below the moveable valve : and there may be a lofs of 
time in the afcent of the water, unlefs it be made even a few 
feet fhorter. The motions to be produced, and the refiftances 
to be overcome, are confidered in detail : but the author re- 
fers, for ftill further information, to Langfdorf's Treatife on 
Machinery. 

Nature of the The velocity of the ftroke fhould never be lefs than four 
inches, nor greater than two or three feet in a fecond ; the 
ftroke fhould be as long as poflible, to prevent lofs of water by 
the frequent alternations of the valves. The diameter of the 
pipe fhould be about f- or 4 of that of the barrel. The lifting 
pump is alfo here defcribed ; it only differs from the fucking 
pump in having the lower valve moveable, and the upper one 
fixed. A number of valves and piftons are defcribed in this 
chapter ; chiefly from models of Engiifh manufa&ory. 

Forcing pumps 5 Chapter 17. Of forcing pumps. 

In defcribing the different kinds of folid pifton, the author 
gives the preference to that which has a conical leather projedt- 
ing on each fide ; but remarks, that there is another form which 
has the advantage in the fituation of the ring for receiving the 
rod, which is precifely in the centre of the pifton, and is there- 
made without fore fitter for communicating motion in each direction. He 
leathering. f a y S , ^at w j iere barrel is well polifhed, the pifton may be 
ufed without either wadding ot leather. 

The 
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The firft pump, invented above a century before Chrifl, by The firft pump 
: Ctefibius of Alexandria, to whom alfo mufic is indebted for wa8a7orccr 
the organ, and whofe name Mr. Eytelwein mentions in fpeak- 
ing of fucking pumps, was in reality a forcing pump, as may 
eafily be collected from its defcription by Vitruvius (L. X. 
cap. 12.) 

Chapter 18. Of mixed pumps, or the combination of fuck- Mixed pumps, 
ing and forcing pumps. 

When the lower valve is above the furface of the water, the 
forcing pump can only raife the water by fusion, but the con- 
ftru&ion remains the fame. Such is Mr. Buchanan's patent 
ihip pump. De la Hire's pump is more complicated ; both 
the afeending and defeending ftrokes of the pifton being made 
cffe&ive, by means of a double apparatus of valves and pipes. 

Chapter 19 . Ofa6ting columns of water. Included co- 

The mechanifm of a pump may be employed for con vert- p re fl* urc# ■ 7 
ing the weight of water defeending in its barrel, to the pur- 
pofe of working another pump. The author deferibes a ma- 
chine of this kind invented by Mr. Holl, and improved by 
Langfdorf. A fimilar arrangement, ufed in Cornwall, has 
lately been described in Nicholfon's Journal, by Mr. Trevi- 
thick. The only objedlion to it appears to be the magnitude 
of the fri&ion. 

Chapter 20. Of the fpiral pump. whortxwtS^ 

If we wind a pipe round a cylinder, of which the axis is u x forcing water 
horizontal, and conneft one end with a vertical tube, while U P a P 1 !** 
the other is at liberty to turn round and receive water and air 
in each revolution, the machine is called a fpiral pump. It was 
invented about 1746, by Andrew Wirz, apewterer in Zurich, 
and was employed at Florence with Bernoulli's improvement, 

\n J779. At Archangelfky, near Mofcow, a pump of this Kind 
was ereded in 1784, which raifed a hoglhead of water in a mi- 
nute, tp a height of 74 feet, and through a pipe 760 feet in 
length. The force employed is not mentioned, we may there- 
fore conje&ure that it was turned by water. Mr. Eytelwein 
enters very minutely into calculations of the effe£t of fuch a 
machine under different circum fiances $ and the refults of the- 
ory, as well as of experiment, are fuch, as to induce us to ex- 
pert that it will in time come into common ufe, inftead of 
forcing pumps of a more complicated $nd expenfive conflruc- 
tion. The water-tight joint pjrefents the only difficulty : the 

pipe 
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Screw of Archi- 
medes* 


The water- 
fcrew* 


€*qthm far 
placing the fcrev 
of Archimedes. 


Bucket wheels. 


Throwing 

wheel. 


pipe may form either a cylindrical, a conical, or a plane fpiral* 
and it appears to be uncertain which is the mod advantageous: 
the vertical pipe ftiould be nearly of the fame dimenfions 
as the fpiral pipe, which may without difficulty be made of 
wood. 

Chapter 21. Of the fcrew of Archimedes, or the wate^ 
fnail, and of the waterfcrew. 

The fcrew of Archimedes confifts either of a pipe wound 
fpirally round a cylinder, or of one or more fpiral excavations, 
formed by means of fpiral projections from an internal cylinder, 
covered by an external coating fo as to be water-tight. But if 
the coating is detached, fo as to remain at reft while the fpirals 
revolve, the machine is called a waterfcrew. Mr. Eytelwein 
enters into an acchrate determination of the effedts of thefe ma- 
chines in given circumftances, and the refults of the theory 
agree remarkably well with experiment. He obferves, that 
the fcrew of Archimedes fliould always be fo placed, as to fill 
exadtly one half of a convolution in each turn ; and that very 
unfavourable reports have fometimes been made of the machine 
from want of attention to this circuraftance ; for when the 
orifice remains conftantly immerfed, the effedt is very much 
diminiffied : this appears alfo to have happened in fome late 
experiments in London. Where the height of the water is fo 
variable as to render this precaution impoffible, Mr. Eytelwein 
prefers the waterfcrew ; although, in this inftrument, one third 
of the water generally runs back, and it is eafily clogged by 
accidental impurities in the water. The fcrew of Archimedes 
is generally placed fo as to form an angle of between 45° and 
60° with the horizon ; but the open waterfcrew at an angle of 
30° only : for great heights, the fpiral pump is preferable to 
either. 

Chapter 22. Of bucket wheels and throwing wheels. 

In the conftrudlion of wheels for railing water fo buckets* 
there is little room for refined theory ; whether the buckets be 
fixed or fufpended on an axis. It is fometimes convenient to 
raife water to the height of 3 or -t feet by the revolution of a 
wheel with fimple fl, outboards ; and fuch a wheel may be either 
in a vertical or an inclined pofition ; it muft of courfe be fo* 
^lofed in a fweep. 

Chapter 23. Of cellular pumps and paternofler works* 

3 Water 


Digitized by CjOOQ le 



, > 
SUMMARY OF HYDRAULICS. 91 

Water has been fometimes raifed by fluffed cufhions con- Cellular pumps 
ne6ted with an endlefs rope, and caufed by means of two J|J^^ ni0 ^ cr 
wheels or drums to rife in fucceffion in the fame barrel,, and to 
<caiTy water with thetn : but 'the magnitude of the fri6tion ap- The chain- 
pears to be an obje&iOn. From the refemblarice of the appa-P um P* 
ratus to allring of beads, it has been called a patefnofler work. 

When flat boards are united by bhains, and employed inflead of 
thefe cufhions, the machine may, without impropriety, be called 
a cellular pump : here the barrel is generally fquare, and placed 
in an inclined pofitioh. But thefe machines are very rarely 
employed. ■ * • . , 

Chapter 24. Cit* inflruments for meafuring the velocity of 
flreams of water . t . ^ 

The fuperficial velocity of a flream is afeertained without Inftrumcnts for 
difficulty, by obferving in calm weather the motion of a body > 

barely floating on it. But it is more difficult to determine the ftream«ofirattto. 
velocity of a river at a confiderable depth. Pitot's tube, as im- 
proved by Buat, furnifhes one of the eafiefl methods. A funnel 
is prefented to the flream, and the water in a vertical tube con- 
nected with it, is elevated above the level of the river, nearly 
to the height correfponding to the velocity : but the refult will 
be more accurate, if the funnel be covered by a plate perforated 
only in the centre by a fmall orifice : in this cafe, the elevation 
in the tube will be half as great again as the height due to the 
velocity. Other inflruments for appreciating the impulfe of 
the water againfl a flat board, require fome previous compara- 
tive obfervation. In Woltmann's hydrometrical fly, the num- 
ber of revolutions of a wheel, in a given time, indicates the ve- 
locity of the water, which flrikes againfl two inclined planes, 
and carries round the arm to which they are fixed. 

It is prefuraed, that this abridged accpunt of Mr. Eytel- Concluding ad- 
wein’s book, will not only do juflice to his diligence and inge- drcft * 
nuity, but will convey to the Englifh reader fome matter per- 
fectly new, and capable of frequent application in practical 
hydraulics; Which is phrhaps of the more value, as there js 
little probability fhslt the work w ill be tranflated at length. To 
dlffeminhte information of this kind mufl always be the prin- 
cipal objfeCt of the Journals of the Royal Inflilufiotf. 

Y. 
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iv. 

Experiments and Obfervations on certain fiony and metalling 
Subftances , which at different Times are faid to have fallen 
on the Earth; alfo on various Kinds of native Iron . By 
Edward Howard, Efq. R R, S. From the Philofophical 
Tranfaftions , 1302. 

(Continued from Page 263, VoL II.) 

Chemical exa- J PROCEED to confider the afliftance to be derived from 
ftoneffeUen on c ^ em *^ r y * n diftinguifhing thefe (tones from all other known 
the earth. fubftances, and in eftablithing the aflertion, that they have 
fallen on the earth. 

Objections to The analyfis made by the French academicians of the /tone 
the ltone fi p S re- Patented to them by the Abb6 Bachelay, was in part con- 
sented by the du6led by the ever to be deplored Lavoifier ; but it was per- 
Abbe Bachelay, f ormec j before that celebrated author had enriched chemiflry 
with his laft difeoveries, and before he had given birth to the 
fyftem under which it flourishes. The refult of this analyfis 
might well induce the conclufion, that the fubjeft of it was 
common pyritical matter. It was unfortunately made of 
an aggregate portion of the ftone, and not of each difiind 
fubfiance irregularly difleminated through it. The propor- 
tions obtained were, confequently, as accidental as the ar- 
rangement of every fubfiance in the mafs. 

•nd to that of The analyfis of M. Barthold, of the ftone of Enfifheim, 
M. Barthold, is fubjedi to the fame obje&ions: but, after having the ad- 
vantage of the foregoing deferiptions, the refearches which 
follow cannot be fuppofed altogether liable to a fimilar 
fatality. 

EXAMINATION OF THE STONE FROM BENARES. 

Chemical exa- This fione, as the Count de Bournon has already remarked, 
floaefromBe** ^ as BV>(1 difiinguifhed characters. Indeed it is the only 
nares. one of the four fufficiently perfect (if I be allowed that ex- 

preflion) to be fubje&ed to any thing approaching to a regu- 
lar analyfis. 

The black coat- The cruft, or external black covering, is the firft fubftance 
2*fiwdc V parta to which the attention is naturally direfted. When a portion 

of 
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_t>f this cruft had been detached with a knife or a file, and finely was digefted in 
pulverized, I feparated the particles attractable by a magnet, mtricacid > 
pnd digefted the unattraCtable portion with nitric acid, which lt 
was prefently decoropofed ; but, owing to a ftrong adherence 
of fome of the interior and earthy parts of the ftone, it, did not 
i di fen tangle the coating or metalline part without fome diffi- 
culty. The acid being fufficiently neutralized, the folution was 
palled through a filter, and faturated to excefs with ammonia. 

An abundant precipitate of oxide of iron was produced ; and. The iron fob* 
when this oxide was feparated, I obferved the faline liquor to pSted*by am*" 
hg.ve a greenifli colour. I evaporated it to drynefs, and re- monia. 
(dillolved the dry fait in diftilled water. No precipitate was 
formed during the evaporation, nor was the colour of the 
folution entirely deftroyed. It appeared to me like a triple Ammoniaca! n$- 
falt, defcribed by Mr. Hermftadt * as an ammoniacal ni-^^J 1 ^ 0 
prate of nickel. By examination with pruffiate of ammo- 
nia, it yielded a whitilh precipitate, inclining to a violet 
colour; and, by various properties, 1 was foon confirmed 
in the opinion, that, nickel was prefent. Since I fhall have 
occafion more than ©nee to treat of the triple compound, 
and ft nee it has been only mentioned by Mr. Hermftadt, 
jit is necelTary now to detail fome of its diftindtive charac- 
ters. The fame chemift informs us, that the three mineral Djftin&ive cha- 
acids, with ammonia, enter into fimilar combinations with f a j t# 
nickel; and I have obferved, that oxide of nickel can be 
diflolved by nitrate and muriate of ammonia. The muriate 
feems to take up the largeft quantity. The colour of this 
fait is by no means uniform : it is fometimes grafs green, 
violet, rofe colour, inclining to purple, and I have feen it 
alraoft colourlefs. It feems to be purple, and to incline to 
rofe colour and violet/ when all the oxide of nickel is not 
united to both acid and alkali, but, from the deficiency 
of fait, is held in folution by an excefs of ammonia. In this 
cafe, evaporation, of courfe, precipitates the nickel in the 
/late of oxide, which is of a whitifh green colour. 

The nickel cannot be precipitated from a perfectly formed The nicketSs 
triple fait, by any reagent I have tried, except by a pruffiate, j^^te^or ^ a 

or a hidrogenized fulphuret of ammonia. Potaffi and lime, as hidrogeniced 

fulphuret of 

• Annales de Chimie, Tom. XXII. p. 108. ammonia. 


well 
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■w^ll as, I prefume, other bodies, (landing in the order of affi- 
nities before ammonia, decompose the fatt ; but the nickel is 
then continued in folution by the difengaged ammonia. 
aiways^amTed ** ma y ^ * ttia ^ rpe< ^ that I have occafionally met with 
to detea copper hopper, when I defcribe a violet or purple ammoniacal folu- 
if it had been tion, it is right to obferve, that to avoid this error, I haVe 

prefent. either reduced the liquor to a neutral (late, and endeavoured, 

without fufccefs, to obtain from it a precipitate, with a folutidh 
of fulphu reted hidrogen gas ; or, by adding an acid to flight 
excels, and immerfing a piece of iron, I have not beeh able 
to deted a trace of copper. Thefe, and many other trials, 
when they do not appear to be made before the eflimation Of 
the quantities of nickel, have been conftantly made after- 
wards. 

The eoadng But, to return to the incruftatioh or costing of the (lone, 
nearly metallic, the decompofition of the nitric acid (hewed the prefence of 
•nd feme nickel, matter at lead nearly metallic, although not attradkbfe ; and 
the examinations made of the liquor, from Which the irOn WUs 
precipitated, afcertained the prefence of nickel beyond dis- 
pute. The difficulty of obtaining the cdating of thU ftonC, ei- 
ther diftind from matter not belonging to it. Or in fufticient 
quantity, induced me to relinquilh the idea of attempting to 
give the proportions of its conflituent parts. 

The finning The flone being deprived of its covering, the '(hitting pat- 
ftonc^ 8 tic ^ es irregularly cliffemittated, next dettiand examination. I 
(irfi examined the pyrites. Their very loofe texture made it 
exceedingly difficult to colled the weight 6f 16 grains, which 
was however effeded by the dexterity of the Count dC 
Bournon. 

were digefted in I digefted thefe, at a low heat, with weak muriatic add ; 
acid tC murutlC which aded gradually, and difengaged a tfiflittg but fenfibte 
quantity of fulphureted hrdrdgen gas. After feveril hours, I 
found the acid difeort tinned its adion. The whole metalline 


It diflolved the 
metal, and fuf- 
p ended the ful- 
pbur, and the 
earthy portion 
fubfided. 


part appeared in folution ; but fulphut and earthy particles 
were obfcrvable. The fulphur, from its fmall fpecific gravity, 
was fufftended through the folution ; whilft the earthy matter, 
which could not be feparated by mechanical means, wag for- 
tunately left at the bottom of the digefting vefiei. I decanted 
off the folution, holding fufpended the fulphur ; and, by re- 
peated waftiing, feparated every thing belonging to* the py- 
rites 
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filts from the infoluble earthy matter, the fubtraflion of which 
reduced the weight of real pyrites to 14 grains. I next ob- 
tained the fulphur, by filtration. When it was as dry as I 
could make it, without fear of its being foblimed, its weight 
wa 8 two grains. To the filtrated liquor I added nitrate of ba- 
rytes, by way of detecting any fulpkuric acid which might have 
been prefent; but no cloud inefs enfued* I then feparated, 
by fulphate of ammonia, the barytes thus added, and precipi- 
tated the iron with ammonia. The liquor, on the fubfidence The metals were 
©f oxide of iron, appeared of a violet purple colour : it con- 1 *? 1 ? 3 ]"* 
tained nickel, which I threw down with fnlphureted hidrogen 
gas, there being already a fuffieient excefs of ammonia in the 
feline liquor to form an alkaline hidrogenized fulphuret. The 
oxide of iron, after ignition,, weighed 15 grains ; and the ful- 
phuret of nickel, reduced to an oxide, weighed, after the 
fame treatment, fomething more than one grain. The pro- 
portions of the fubftances contained in the pyrites of the Hone 
from Benares, may therefore be confidered nearly thus . 

Grains. 

Sulphur - - ■* «• - 3 Component 

Iron - - - ' . . JOl parts, fulphur, 

. /..I much iron, mc- 

Smce 15 grains of the oxide reprefent about that quan- tel, and earth. 

tity of iron. 

Nickel, nearly * - • ■ - f 

Extraneous earthy matter * - 2 

}Sf 

It is obfervabte that, not with Handing the lofs appears to be 
only half a grain, it was probably more, becaufe the fulphur 
could not be reduced to the fame Hate of drynefs in which it 
exiHed when in combination with the iron ; not to fey that it 
was, ip a final! degree, volatilized with the hidrogen gas dif- 
engaged during the folution. 

The weight of nickel is a mere eHimation. We are not yet 
fidficiently acquainted with that metal to fpeak of it with ac- 
curacy, except as to its prefence. Upon the whole, how- 
ever, it may be concluded, that thefe pyrites are of a very 
particular nature ; for, although Henkel has obferved that 
fulphur may be feparated' from pyrites by muriatic acid, it is 
by no means* the ufiiaf habitude of pyrites to be of fuch eafy 
decompaction. 

The 
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The other thin- The other {hining particles immediately feen, when the fil- 
ing malleable^" * erna l ftru&ure of the ftone is expofed, are the malleable iron, 
iron. Before I ftate the examination of this iron, I muft remark, 

that preliminary experiments having (hewn me it contained 
nickel, I treated feveral kinds of the mod pure irons I could 
obtain, with nitric acid ; and precipitated the oxide from the 
metallic fait by ammonia. The quantity of oxide I obtained 
from 100 grains of iron, was from 144- to 1 40. I may confe 
quently infer, that 100 grains of pure iron acquires, by fuch 
a procefs, 45 grains of oxigen ; and that, whenever a metal- 
lic fubdance, fuppofed to be iron, does not, under the fame 
circumdances, acquire the fame proportionate weight, fome- 
thing is either volatilized, or left in folutian. Hence, when 
a metallic alloy of nickel and iron prefents itfel£ a judgment 
may, at lead, be formed of the quantity of nickel, by the de- 
ficiency of weight in the precipitated oxide of iron, 
were dilTolvcd in This mode of treatment was not allowed me in the exami- 
preci pi t»ted by na ^ on °f the coating of the done, becaufe it was impoflible to 
ammonia, know in what date of oxidizement the iron exided. But, as 
the particles difleminated through the whole mafs, are clearly 
metallic, a very tolerable idea of the quantities of nickel con- 
tained in them will be obtained, by noting the quantity of 
oxide of iron feparated, as above deferibed. 25 grains, of 
thefe metallic particles were therefore heated with a quantity 
of nitric acid, much more than fufficient to diflolve the whole. 
Some earthy matter, which, as in a former cafe, was not fe- 
parable by mechanical means, remained after a complete fo- 
lution of the metal had been effected. This earthy matter, 
after being ignited, weighed two grains. The real matter of 
the prefent examination, was therefore reduced to 23 grains, 
and was in complete folution. I added ammonia to a very 
lenfible excefs. The oxide of iron was thereby precipitated, 
and, being collefted and ignited, it weighed 24 grains ; where- 
as, according to my experiments, 33\ grains (hould have been 
produced from the folution, had it contained nothing but iron, 
which left nickel I examined the faline liquor, when free from ferruginous par- 
of tr kch f the ti ° n *^ es> anc * discovered it to be the triple fait of nickel. Hence, 
quantity was ef- allowing for lofs, the quantity of nickel may be eftimated, by 
tinuted, calculating the quantity of iron contained in 24 grains of oxide. 

Thus, if 145 grains of oxide contain 100 of iron, about 16£ 
are contained in 24 of oxide. This would fuppofe the 23 

grain 
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grains of alloy to confift of 16f iron and 6 \ nickel ; which, if 
the ufual lofs be added to the 16f grains of iron, and deducted 
from the nickel, may not be very remote from the truth. 

I (hall next examine the globular bodies, alfo irregularly The globular bo- 
difperfed throughout the (lone. A number of them were re- throughthe 4 
duced to fine powder ; but nothing metallic could be fepa- ftone, exhibited 
rated by the magnet. As a preliminary experiment, I fought magnt- 

for pyrites, by digeftion with muriatic acid ; but no hepatic 
fmell was in the lead perceivable, nor was white carbonate of 
lead at all altered by being held over the mixture. I therefore 
conclude thefe globular bodies do not envelope either iron or, 
pyrites. By way of analyfis, I treated 100 grains with pot- Analyfis* 
afh, in a filver crucible ; and, after the ufual application of a 
red heat, feparated as much filica as poffible, by muriatic acid 
and evaporation. The filica being collected on a filtre, car- 
bonate of potafii was added to the filtrated liquor ; by which 
a precipitate, almoft wholly ferruginous, was produced. This 
precipitate was colle&ed in the common way ; then boiled 
with potato, to extract alumina ; and, by fuperfaturating the 
alkaline liquor with muriatic acid, and precipitating by car- 
bonate of ammonia, an earth was gathered, which I after- 
wards found to be partly, if not intirely, filiceous. After re- 
diflolving, in muriatic acid, the portion of the ferruginous 
matter rejected by the potalh, I precipitated by ammonia, 
what I took to be intirely oxide of iron ; but, after igniting it, 
and again attempting to rediflolve the whole in muriatic acid, 
more filica was left. The non-exiftence of lime was proved, 
by the addition of carbonate of ammonia, immediately after 
the fame alkali, pure, had thrown down what I took wholly 
for oxide of iron, I had now obtained every thing in the fub- 
jeci of my analyfis, except magnefia and nickel. The former, 
and a trace of the latter, were held by carbonic acid in the 
liquor, from which the ferruginous precipitate was, in the firfl 
inftance, thrown down by carbonate of potalh ; and the latter 
was found in the laft named muriate of ammonia. I difengaged 
the magnefia, by the affiftance of potalh, and by evaporating 
to drynefs. The oxide of nickel was precipitated by hidroge- 
nized fulphuret of ammonia. 

Under all circum fiances, I am induced to fiate the propor- Conftitucnt 
tions of confiituent parts thus : ? art,# 

Silica 
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Silica 
Magnefia 
Oxide of iron 
Oxide of nickel 


50 

1 > 

54 


lOlf 

Remarks* The excefs of weight, inftead of the ufual lofs, is owing to 

the difference of oxidizement of the iron, in the ftone and iti 
the refult of the analyfis ; which will be found to be the cafe 
in all analyfes of thefe fubftances ; indeed it is always necef- 
lary to reduce the oxide to the red ftate, as being the only one 
to be depended upon. To avoid future repetition, I fhall alfo 
obferve, firft, that by preliminary experiments, I Could not 
detect any other fubftance than thofe mentioned. Secondly, 
that the earth obtained as alumina, appeared to me to be 
moftly, if not intirely, filiceous ; becaufe, after it had been 
ignited, and again treated with potafh and muriatic acid, f 
found it was very nearly all precipitated by evaporation. 
Thirdly, I examined, and judged of/ the filica collected from 
the oxide of iron, in the fame way. Fourthly, the weight of 
the magnefia is given, not immediately, as obtained by eva-< 
poration, but after a fubfequent folutfon in an acid, and pre- 
cipitation by potafh. And, fifthly, the proportions are taken 
from the mean of two analyfes. 

The earthy ma- Nothing remains to be examined, of the ftone from Benares, 

trix or cement, except the earthy matter, forming a cement or matrix for the 
fubftance* already examined. 100 grains of this matter were, 
by mechanical means, feparated as perfe&ly as poffible, from 
the pyrites, iron, and globular bodies, and analyfed as above. 
The mean refult of two analyfes gave. 


Its component 

Silica 

48 

parts. 

Magnefia -*• 

- 18 


Oxide of iron 

34 


Qxide of nickel 

2f 



o 1 
£ 1 


Stone from EXAMINATION OF THE STONE FROM SIENNA. 
Sienna. The external coating of this ftone appeared to have the 

fame chara&eis as that of the ftone from Benares. 

The 
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4 The pyrites, although certainly prefent, were not cryftalf 

lized in fuch groups as in the preceding^ hone j nor could they, 

feparated by mechanical means. 

TfteaUra&able metal, was eafily feparaled by the magnet ; Iron ind nickel 

but grains only were collected. I treated them with nitric? 8 *“ th« former 
i / . .. r XT 1 • toftancefrcm 

aqid ana apimonia, as in a preceding cale. N early one grain the attra&abU 

of /earthy matter was infoluble ; the weight was therefore re- ^ netai * 
disced toother lefs than 8 grains. The oxide of iron, preci* 
pitated by ammonia, weighed 8 grains ; and the faline liquor 
^ave abundant indications of nickel. As 8 grains of this oxide 
of iron contain nearly 6 of metal, the quantity of nickel, in 
the bare 8 grains, may be eftimated between 1 and 2 grains. 

Some globular bodies were extracted, but too few to analyze. 

Since the pyrites could not be feparated, I collected 150 Anal) (is of the 
grains .of the, ftone, . freed from iron by the magnet, and as .ex* nctk 
empt as poflible from globular bodies. Thefe 150 grains, I and globular 
firft digeftedwith muriatic acid, that the. pyrites might be de-P aiU » 
coippQfedj .and, every thing taken up which could be dilfolved * 
by, tl^^menflruum. A very decided difengagement . of ful- 
phui;ete$l hidrogen gas was occafioned. When the acid could, 
produce no furthei action, I colleded the undiflolved matter.,, 
on a filtre, aqd boiled it with the molt concentrate nitric acid,., 
in hopes of being able to convert the fulphur, previoufly libe- 
rated, into fulphuric acid ; but my endeavours were fruitleft ; 
for, upon the addition of nitrate of barytes to the .nitric, foil*? . 
tion, rendered previoufly tranfparent, a very inbgaificant 
quantity.of fulphate of barytes was obtained. The furplus of 
barytic nitrate was removed by fulphate of potafln I next 
completely edulcorated the mafs which remained infoluble, 
after the action of the muriatic and nitric acids ; and, adding 
the watqr of edulcoration to the muriatic and nitric liquors, 
evaporated the whole for filica. I then fubmitted the mafs,, 
undiflolv.ed by the.acids and the water, to the treatment with 
potato, muriatic acid, and evaporation, which was, in the 
firft inftance, applied to the hone from Benares. The .fiujl 
pKecjpijtation was, as in that analyfis, alfo effected with CJir* - 
bopate.of potato ; but, inltead of endeavouring immediately 
to I ignited the precipitate, that the alumina* . 

or fc filiq^ f femaip^ng ( might be rendered infoluble. After. the;, 
ignition, I feparuted the oxide of iron with very concentrate^ 
muriatic acid ; ancl^he earths, which were left perfectly white*. 

I heated 
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Its component 
parts* 


Tlie ftone from 
Yorldhire. 


Component 

parts* 


The ftone from 
Bohemia* 
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1 heated with potafh, until they were again capable of heih^ 
taken up by the fame acid. The folution fo made, was (lowly 
evaporated ; and, as very nearly every thing was depofited 
during the evaporation, I conclude all was lilica. The pro- 
portions refulting from this tingle analytis, without the weight 
of fulphur contained in the pyrites irregularly diffeminated 
through the whole, were. 


Silica - 

70 

Magnefia - - 

- 34 

Oxide of iron 

52 

Oxide of nickel 

3 


159* 


EXAMINATION OF THE STONE FROM YORK- 
SHIRE. 

The mechanical feparation of the fubftances in this ftone 
being as difficult as in the preceding cafe, I was neceflfarily 
iatisfied with fubmitting it to the fame treatment. I colle&ed, 
however, 34- grains of malleable particles; which, by the 
procefs already more than once mentioned, left 4 grains of 
earthy matter; and, by yielding 37 f of oxide of iron, indi- 
cated about 4 grains of nickel. 

150 grains of the earthy part of the ftone were, by analyfis* 
refolved into. 


Silica - 

75 

Magnefia - 

37 

Oxide of iron 

48 

Oxide of nickel 

2 

162* 


EXAMINATION OF THE STONE FROM 
BOHEMIA. 

The probability of never being able to obtain another fpe- 
cimen of the very remarkable fragment of this fubftance, did 
ndt allow me to trefpafs more on the liberality of Mr. Greville, 
than to detach a fmall portion. I found it of fimilar compofi- 
tion to that of the three preceding ftones ; and the Count de 
Bournon has already (hewn the proportionate quantity of the 
attra&able metal to be very confiderable. 16f grains, left 2f 

of 
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of extraneous earthy matter ; and yielded, by the treatment 
with nitric acid and ammonia, 17f grains of oxide of iron. 

This would feem to iuduce an eftimation of If of nickel in 14* 
grains, or about 9 per cent. 

55 grains of the earthy part of the (tone, by the analytical Component 


treatment of the two former, afforded. 


parts. 

Silica - 

25 


Magneda - 

- 94 


Oxide of iron 

23|: 


Oxide of nickel 

14 



59£ 



The unufual increafe of weight in the refult of the three lad 
Rnalyfes, notwith (landing the intire lofs of the fulphur in the 
pyrites, is obvioufly owing to the metallic date of the iron 
combined with the fulphur, as was (hewn in a former indance. 

I have now concluded the chemical examination of thefe Remarks on 
four extraordinary fubftances. It unfortunately differs from thefe 
the analyfis made by the French Academicians, of the (tone thofe formerly 
presented to them by the Abb6 Bachelay. as well as from that madc other * 
made by Profeffor Barthold, of the (tone of Enfifheim. It is 
at variance with that of the Academicians, inafmuch as they 
found neither magnefia nor nickel. It differs from that of 
Mr. Barthold, as he did not find nickel, but difcovered fome 
lime, with 17 per cent, of alumina. With regard to thefe dif- 
ferences, I have to fubmit to the chemical world, whether 
magnefia might not have eluded the a6tion of an acid, when 
the aggregation of the integrant parts of the (tone was not de- 
ilroyed by treatment with potafh. As to the exiftence of alu- 
mina, I do not abfolutely deny it ; yet I mud obferve, tljat 
the whole of the earth which feemed to have any refemblance, 
however fmali, to alumina, was at mod 3 per cent, and there 
deems good reafon to confider it as filica. Refpefling the ex- 
iftence of lime in the done of Enfifheim, I mud appeal to 
Profelfor Barthold, Whether, fuppofing lime a conftituent part, 
fulphate of lime fliould not have been formed, as well as ful- 
phate of magnefia, when fulphuric acid was generated by ig- 
niting the earths and pyrites. And, as to the proportion of 
alumina* in the fame done, I would a(k, at lead, whether it 
Would have been fo confiderable, if the folutions formed by 
acids, after the treatment with potafti, had been evaporated 
Vol# III. — October, 1802 , H to 


Digitized by 


Google 



ON STONY AND METALLINE SUBSTANCES. 


m 

to the requisite drynefs : not to obferve that no mention is 

made of any examination of the properties of the earth called 

alumina. In the proportion of magnolia, I have the fatisfac- 

tion to find my analyfis correfpond very nearly with that of 

ProfefTor Barthold ; and, if what he confidered alumina were 

• fuppofed lilica, the Hope prefented to the French Academy* 

the Hone of Enfilheim, and the four I have examined, would 

The ftriking agree very nearly in .fiiiceous proportions. With refpeft to 

conformity of the nickel, I am confident it would have been found in all, 

thefe ftones, and hud the metallic particles been feparately examined. But, 

their want of re- whatever be thefe variations, the mineralogical defcription of 

othermlnerals) 1 French Academicians, of Mr. Barthold, and of the Count 

join with the de Bournon, all exhibit a flriking conformity of character, 

hiftoncal tefti- common to each of thefe Hones; and I doubt not but the 
mony to prove . 

their origin. fimilarity of component parts, efpecially of the malleable alloy., 
together with the near approach of the conflituent proportions 
of the earths contained in each of the four Hones, the imme- 
diate fubjeft of this Paper, will oflablifh very flrong evidence 
in favour of the aflertion, that they have fallen on our globe. 
They have been found at places very remote from each other, 
and at periods alfo Efficiently diflant. The mineralogifts who 
have examined them, agree that they have no refemblance to 
mineral fubflances, properly fo called ; nor have they been 
defcribed by mineralogical authors. I would further urge the 
authenticity of aocoupts of fallen Hones, and the fimilarity of 
jcircumftapces attendant on fuch phenomena ; but, to the im- 
partial it would be fuperfluoUs, and, to thofe tvbo di (believe 
whatever they cannot explain, it would be fruitiefs. Attempts 
to reconcile occurrences of this nature with known principles 
of philofophy, it is true, are already abundant ; but (as the 
Earl of Briftol lias weU expreffed) they leave us a choice of 
difficulties equally perplexing. It is however remarkable, 
that Dr. Chladni, wholeems to have indulged in thefe fpecu- 
lations with moH fuccefs, (hoidd have -conne&ed the defceut 
of fallen ftones with meteors ; and that, in the narrative of 
Mr. Williams, the defeent of the Hones near Benares, fhould 
have been immediately accompanied with a meteor. 

Luminous ap- No luminous appearance having been perceived during the 
fn 3r th e C f Jl ^ ~ on ^ one fell * n Yorklhire, it muH be admitted, 

feveral. rather militates againfl the idea, that thefe Hones are the fub- 

Hances which produce or convey the light of a meteor, or that 
4 ... a meteor 
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ti meteor muff neceffarily accompany them *. Yet the flona 
from Sienna fell amidft what was imagined lightning, but what 
might in reality have been a meteor. Stones were alfo found 
after the meteor feen in Gafcony, in July, 1790. And Mr. 

Falconet, in the memoir I have already quoted, relates, that 
the ftone which was adored #s the mother of the gods, was a 
Boetilia ; and that it fell at the feet of the poet Pindar, enve- 
loped in a ball of fire. He alfo obferves, that all the Beetiba 
had the lame origin. 

I ought not perhaps to fupprefs, that ia endeavouring to Electricity ren- 
form an artificial black coating on the interior fucface of* one ders . thefe 
of the atones from Benares, by fending over it the electrical black, 
charge of about S7 fquare feet of glafs, it was obferved to 
become luminous, in the dark, for nearly a quarter of an hour; 
and that . the traCfc of the eleCtrical fluid was rendered black. 

I by no means wifh to lay any ftrefs upon this circumflanoe ; 
for 1 am well aware, that many fubiiances become luminous 
by electricity. 

But, thould it ever be difcovered that fallen ftones are ac- 
tually the bodies of meteors, it would not appear fo proble- * 
matical, that fuch mafles as thefe ftones are fometimes repre- 
fented, do not penetrate further into the earth: -for meteors 
move more in a horizontal than iu a perpendicular direction ; 
and we are as abfolutely unacquainted v/ith the force which 
impels the meteor, as with the origin of the fallen ftone. 

Before I clofe this fubjeCt, I maybe particularly expeCted Meteor which 
to notice the meteor which, a few months ago, traverfed the 
county of Suffolk. It was faid, that part of it fell near Saint folk. 
Edmundibury, and even that it fet fire to a cottage in that 
vicinity. It appeared, from inquiries made on the fpot, that 
fomething, feemingly from the meteor, was, with a degree 
of reafon, believed to have fallen in the adjacent meadows ; 
but the time of the combuftion of the houfe did not correfpond 
with the moment of the meteor's transition. 

A phenomenon much more worthy of attention, has fince 
been defcribed in the Philofophical Magazine. On the night Prodigious me- ' 
of the 5th of April, 1800, a body wholly luminous, was feen, teoria America* 
iu America, to move with prodigious velocity. Its apparent 

# In the account of the ftone which fell in Portugal, no mention - 
it made, either of a meteor or lightning. 

H 2 fize 
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fize was that of a large houfe, 70 feet long ; and its elevation' 
above the furface of the earth, about 200 yards. The light 
produced effeds little fhort of fun-beams ; and a confiderable 
degree of heat was felt by thofe who faw it, but no eledric 
fenfation. Immediately after it difappeared in the north-weft, 
a violent ru filing noife was heard, as if the phenomenon were 
bearing down the foreft before it ; and, in a few feconds after, 
there was a tremendous crafh, caufing a very fenfible earth- 
quake. Search being afterwards made in the place where the 
burning body fell, every vegetable was found burnt, or greatly 
fcorched, and a confiderable portion of the furface of the earth 
broken up* We have to lament, that the authors of this ac- 
count did not fearch deeper than the furface of the ground. 
Such an immenfe body, though moving in a horizontal direc- 
tion, could not but be buried to a confiderable depth. Should 
it have been more than the femblance of a body of a peculiar 
nature, the lapfe of ages may perhaps effect what has now 
been neglected ; and its magnitude and folitary fituation be- 
come the altonifhment of future philofophers. 

Concerning the This leads me to fpeak of the folitary mafs of what has been 

immenfe mafs of ca p ec | nat j ve * r which was difcovered in South America, 
native iron of 

S. America. and has been defcribed by Don Rubin de Celis. Its weight 
was about 15 tons. The fame author mentions another infu- 
lated mafs of the fame nature. The whole account is exceed- 
ingly interefting ; but, being already publifhed in the Philo- 
fophical.Tranfa&ions for the year 1788, it needs not be here 
repeated. 

Mr. Proud has (hewn the mafs particularly defcribed, not to 
be wholly iron, but a mixture of nickel and iron. The Truk 
tees of the Britifh Mufeum, who are in pofleflion of fome frag- 
ments of this mafs, fent to the Royal Society by Don Rubin 
de Celis, have done me the honour to permit me to examine 
them ; and I have great fatisfa&ion in agreeing with a chemift 
fojuftly celebrated as Mr. Proud. 

and that de- The connexion which naturally e^ids between one mafs of 
and b con b fldc a ed a<, nat * ve * ron anc ^ anot her, immediately turns our attention to the 
by the Tartars native iron in Siberia, defcribed by Pallas; and this, we are 
as fallen from the Tartars conddered as a facred relic, which had 

wo, dropped from heaven. The nickel found in the one mafs, 

and the traditional hidory of the other, not to compare the 
globular bodies of the done from Benares with the globular 

concavities 
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concavities and the earthy matter of the Siberian iron, tend to 
the formation of a chain between fallen ftones and all kinds of 
native iron. How far any reaL affinity exifts between thefe 
feveral fubftances, very obliging friends have afforded me an 
opportunity to form fome judgment. I am indebted to Mr. 

Greville and Mr. Hatchett for portions of almoft every known 
native iron : and the Qount de Boumon has done me the fa- 
vour particularly to defcribe them as follows. 

(To be concluded in our next,) 


V. 

On the Colours obtained from Metallic Oxides, and fixed by 
Means of Fufion on different Vitreous Bodies . By Alex. 

Brongniart, Director of the National Mamtfuttory of 
Porcelain at Sevres, Engineer qf Mines *, Sfc, 

The art of employing metallic oxides to colour the different The colouring 
vitreous matters has been long known. It is well known that glaffea by ox- 
the ancients made coloured glafs and enamels, and that this cic * t ” vcry an 
art was much pradtifed by the Egyptians, who were the firft 
that imitated precious ftones by thefe means. 

In modern times the pradice of this art has been brought to The theory neg- 
a high degree of perfedion, but its theory has been negleded. 

It is almoft the only chemical art to which the new principles 
of this fcience have not been applied. 

In the numerous works which treat of the method of ufing 0 r erroneous, 
and preparing metallic vitrifiable colours, the authors either 
give no theory, and confequently no general principles, or the 
explanations are founded only on the abfurd hypothefes which 
formerly compofed much of the theory of chemiftry. 

One of the beft publications, as it is the work of an en- Montamy’s 
lightened pradician, is The Treatife- on Painting in Enamel, of treatife com- 
Montamy, The archives of the national manufadory at Sdvres, mendcd ' 
likewife contain fimple and good proceffes for the fabrication 
of colours ; Bailly, Fontelliau, and Montigny are the authors ; 
but they are fimple deferiptions, without any obfervations that 
Jead to general principles. 
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Kunckel’s wotk 
and the Ency- 
clopaedias ^re of 
litde value* 


Science is con- 
fiderably ad- 
vanced when the 
fafts compofe a 
body of dodtrine. 


The arts would 
be greatly ad- 
vanced by limi- 
lar treatment. 


Philofophers 
might acquire 
them. 


The prefent me 
moir aims to 
make this difpo* 
lition as to the 
art of vitrifiable 

colours* 
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Kunckel’s work, the manofcripts of Hellot, in the pofie£- 
fion of the manufactory at Sevres, and the two Encyclopae- 
dias, prefent only an undigefted collection, and a multitude 
of precedes collected together from all quarters, without 
choice or reafon. With a flight knowledge of the art it is ea- 
fier to invent a new procefs of fabrication, than to difeover 
which among this multitude of receipts we ought to prefer. 

It has been remarked, that one of the moil certain criterions 
of the progrefs made to the perfedion of a fcience, is the pof- 
libility it leaves of a re-tinion of the fads that compofe it, in 
a body of dodrine from which general principles may be de- 
duced. At the prefent period only does it deferve the name 
of a fcience, and it is to the expofition of thefe principles, that 
the ftriking, though inaccurate name of the philofophy of fci- 
ence has been given. 

The arts, which oftener compofe a branch of fcience, than 
the Ample application of one of its parts, prefent fads equally 
capable of being united in a body of dodrine ; they will attain 
this valuable degree of perfedion if pradifed by men accuf- 
tomed to trace the connections, and deduce the confequences 
of the events that pafs under their obferv^tion. 

Philofophers; whofe more elevated fpeculations feclude 
them from the pradice of thefe arts, would then perceive their 
principles with greater eafe ; they could more diredly apply 
their refearches to the progrefs of the art, which being then 
direded by reafon, would become more certain, dired and 
rapid in its advancement. 

Being convinced that the art of preparing and ufing vitrifl- 
. able colours is fufceptible of receiving the application of the 
means of peffediort ; and that the fads of which it is com- 
pofed are fufficiently numerous and accurate to be prefented 
m a general outline, I have concluded that the precife know- 
ledge of thefe fads, and of the principles which unite them, 
which naturally lead to an explanation of a number of the re- 
fults, might be interefling to chemifts, who, being occupied 
by more general and important refearches, cannot attend to all 
the details of a complicated art. 

I wifhed like wife to give an accurate account of the princi- 
ples of this art to chemifls, that they might determine with 
certainty on the new operations to which the procefles fub- 
mitted to their judgment might lead. 

Laflly, 
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* laaflly, I thought it would be advantageous to the progrefs Eidi^idoA^of ^ 
of the art, and that it was incumbent on the national manufac- co ioursatSevrc*. 
lory at Sevres to difcfofe tlie pretended ferret of the compo- 

fition of colours for poroelain which do not change in the fire. 

Thefe colours wore prefented to the Inftitute in the year 6, by 
a manufacturer of porcelain, juftly admired for the beauty of 
;the -works produced at his manufactory. I fhould not have 
puMifhed this fecret had it been .given to me in confidence, 
but as it is known, I hope I (hall no longer be fufpeCted of 
the leaft breach of integrity. 

From what has been faid, it wiH be feen that my objeCt is 
net to give the exaCt comp ofit ion of all the vitrifiable colours 
<at full length. Such a work could not be the fubjeCfc of a fhn- 
ple memoir. 

It i9 known that metallic oxides are the bales of all vitrifia- Vitrifiable co- 
ble colours ; but fame of the metallic oxide9 are not proper for oxides, 

this ufe ; and as they are not verifiable without fome admix- 
ture, they can feldom be employed alone. 

The very volatile oxides, and thofe that do not adhere Not thofe which 
firongly to the oxigen they contain in abundance; either can- elfiiy^hange^ 
not be employed in any manner, as is the cafe with the oxides their oxigena- 
of mercury and arfenic, or elfe they can be employed only as t,on * 
agents. The colour they afford cannot be depended on, be- 
caufe they lofe it, in proportion as they lofe their oxigen by 
the flighteft heat. Such are the puce and red coloured oxides V 

of lead, the yellow oxide of gold, &c. 

Thofe oxides, in which the proportion of oxigen is capable 
of being varied too eafityv are feldom employed. The black 
•oxide of iron is never employed for that colour. The green 
oxide of copper is in many circum fiances very uncertain in its 
effeCt. 

* I hare remarked that the oxides do not melt alone ; though Oxides cannot • 
when placed in thin layers on verifiable fubftances they can ** ufed ^ onc > 
be made to adhere by means of a violent fire ; but, with the* 
exception of the oxides of lead and bifmuth, they afford only 

dull colours. The very violent heat which is frequently re- 
quired to fix them, changes or totally deftroys their colours. 

Some flux is therefore added to all jthe metallic oxide?. 


This flux is either glafs of lead and frlex, or glafs of borax, but require a 
or a mixture of both. 2E* 

Its (ilex, and borax# 
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The flax fixes 
the colour at a 
moderate heat ; 
lefs than would 
deftroy the co- 
lour. 


Very tranfient 
colours are 
mixed with the 
flux without 
previous fufion. 


Others are fufed 
with it and then 
ground. 


This treat! fe is 
confined to vi- 
trifiable colours 
on glazes or 
glafs. 

Thefe grounds 
are three. 

i. Enamel. 


2. Hard porce- 
lain. 

3. Common 


COLOURS OBTAINED FROM METALLIC OXIDES. 

Its general efFed is to give brilliancy to the colours after 
their fufion, to fix them upon the piece that is painted by 
foftening its furface, to envelope the metallic oxides, to pre- 
ferve their colour by defending them from the contad of the 
air, and particularly to facilitate the fufion of the colour at a 
flightly elevated temperature, not capable of deftroy ing it. 

The obfervation which proves this latter ufe of fol vents k 
taken from delicate colours, fuch as the carmines produced 
from gold ; thefe colours require a much greater proportion of 
flux than the others. 

Sometimes the oxides are diredly employed, and Amply 
mixed with their folvents, without having been previoufty 
melted with it 5 fuch are the colours which the violence or re- 
petition of heat would alter. It is eafy to conceive that a 
ftronger and more lafting heat is required to fufe a crucible of 
coloured glafs than a layer of colour, which is not the tenth of 
a millimetre in thicknefs. 

I (hall return to this fttbjed when treating of the red colours 
pbtained from gold. 

In many cafes the oxides are previoufty fufed with their ibi- 
vents, and afterwards ground. When I fpeak of colours m 
particular, I (hall mention thofe which are fubjeded to this 
fufion. 

Thefe general principles are too Ample to require further 
explanation. 

I fhali only fpeak of the application of metallic colours to 
eiireous bodies or furfaces. 

Thefe bodies may be divided into three very diftind claftes, 
from the nature of the fubftances that compofe them, the ef- 
feds produced on them by the colours, and the changes they 
undergo. Thefe are, 

lft. Enamel; foft porcelain, and all the glazes, enamels, 
pr glades, which contain lead in any confiderable quantity. 

2d. H^rd porcelain, or fuch as is glazed with feldfpar. 

3d. Glafs in which there is no lead, fuch as the common 
window glafs. 

I (hajl fucceffively examine the principles of compofition of 
thefe colours, and the general phenomena they prefent on 
thefe three grounds or fupporters. 

Colours 
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Colours for enamel painting have been longeft known : the Enamel colours 
receipts in the works I have mentioned at the beginning of long 

this eflay all relate to thefe colours. 

. It is known that enamel is a glafs rendered opake by oxide Enamel is glaft 
of tin, and very fufible by the oxide of lead. It is this laft ^ox^le^aad 
which in particular gives it properties very different from opake by ox. tin. 
thofe of the other excipients of metallic colours. Hence all the 
glaflbs and glazes that contain lead, have the properties of 
enamel, and what we may aflert of the one, will apply to the 
other with very little difference. 

Such are the white and tranfparent glazes of Dutch or Delft It is the glaxeof 
ware, and the glaze of the porcelain called foft (tendrc.) 1 

This porcelain, the firft made in France, particularly at Soft porcelain of 
Sevres, and indeed for a long time almoft exclufively at this^ cvrc# * 
manufactory, has for its bale a vitreous frit nearly opake, ca- 
pable of being a&ed upon by marl, and its glaze is a very 
tranfparent glafs containing much lead. 

The colours made ufe of are the fame as thofe for enamel- Colours the 
ling, consequently the changes thefe colours undergo in ena " ^dUng/ 0 * 
mel, mu ft take place in this fpecies of porcelain, becaufe, as 
we (hall foon fee, the caufes of the change are the fame in 
both. 

The colours for enamel and tender porcelain require lefs Thefe require 
flux than the others, becaufe the glafs on which they are Jjf* giaze^er* 
placed, foftens fufficiently to be penetrated by them. fufible. C * 8 

This Solvent may be either the mixture of glafs of lead, and The flux before 
pure {ilex called rocaille, or this fame glafs mixed with that mentioned, 
of borax. 

Montamy fays that glafs of lead ought not to be ufed in the 
flux for enamel ; he employs borax alone. He then dilutes 
or makes up his colours in a volatile oil. 

On the contrary, the painters of the manufactory at SCvres, Glafs of lead is 
ufe only colours without borax, becaufe they dilute them w ith a Z 00 * material, 
gum, ?md borax does not dilute well this way. I am con- 
vinced that both methods are equally good, and that Montamy 
.is not juftified in excluding the fluxes of lead, as they are em- 
ployed without inconvenience every day, and even render the 
management of colours more eafy. 

I have remarked, that in the baking of thefe colours the The foft glazs 
glaze is foftened fo much as to be eafily penetrated by them ; j V ^ t r e y s ^ c ^ 1- 
this is one great caufe of the change they undergo. They be- i 9urs . 

4 come 
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come diluted by the mixture with the glaze, and the. firf! fire 
changes a painting apparently finiflied, into a very flight 
(ketch. 

And the oocke The oxide of lead contained in the glaze is a more powerful 
mically on them". cau ^ °f g rea t changes thefe colours undergo. Its deflruc- 
tive action is principally exercifed on the reds of iron, and is 
very remarkable. I (hall relate fome experiments that parti- 
cularly prove this. 

Thefe colours It has already been (hewn that the two principal caufes of 
fcarce?y Change- c h an g e which colours on enamel and tender porcelain un- 
able, except dergo, do not relate to the corapofition of thefe colours, but 
ttay a^pfaccd”^ i nt * re ty to fee nature of the glafs upon which they are placed, 
upon. The aflertion that the colours of porcelain are fubjeft to confi- 

derable change, relates to the colours of (oft porcelain, ( porce- 
lain tendre ) a fpeciesof ware now almoft totally abandoned. 
The paintings It follows from what I have faid, that the paintings of 
cd^ ^re'much P orce l a * n require to be feveral times re-touched and • burned, 
touching up. in order to poflefs the neceflary ftrength. Though thefe paint- 
ings have always a certain foftnefs, they are conftantly more 
brilliant, and never fubjed to the inconvenience of fcaling off. 
Hard porcelain 3 The hard porcelain r according to the divilion I have laid 
fbld'fpar* 6 ^ down, is the fecond fpecies of ground or excipient for the me- 
tallic colours. It is known that the bafe of this porcelain is a 
very white argil, called kaolin, mixed with a filiceous and 
calcareous folvent, and the glaze of which is nothing but feld 
fpar fufed without an atom of lead. 

or of Saxony, This porcelain, which is that of Saxony, is of much later 
receive two ^ date Sdvres than the foft or tender. The colours employed 
viz. on the glaze are of two kinds, the firft ufed for reprefenting different ob- 
or painting co- j e &s, are baked with a very inferior fire to that required for 
the baking of the porcelain itfelf. They are very numerous 
and varied. 

The others, which require to be fufed at as great a heat as 
that for baking the porcelain, are laid on the general fur- 
face. They are much lefs numerous. 

The colours for painting are made up very 'nearly of the 
fame materials as thofe for tender porcelain ; they only con- 
tain more flux. This flux is compofed of the glafs of lead, 
(called rocaillc) and of borax. I have not yet met with any 
work that treats of the compofition, ufe and effects of thefe 
colours. In fa€t, it has no where been aflerted in print, that 

all 


ot beneath it 3 
or ground co- 
lours* 

The colours for 
painting are 
nearly the fame 
as for the foft 
porcelain 3 but 
contain more 
flux. 
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all thefe colours . except one are unchangeable in the fire; The flux is glaf* 
whereas it has been often aflferted in books, that paintings in ° a3 J a an 
enamel are fubje£t to confiderable change. 

When the porcelain is put in the fire to bake the colours, the The hard glaze 

feld fpar glaze dilates and opens its pores, but does not become d°| C u \e th^co- 01 " 
foft. As the colours do not penetrate it, they are not fubjed lours, 
to the changes they undergo on tender porcelain. It mult 
however be obferved, that they lofe a little ot their intenfi ty, 
by acquiring the tranfparence given them by the fufion. 

When works of little importance are made they need not to that only fine 
be re-touched ; but this is neceffary when a painting is to be ^ching!^ rC " 
highly finifhed. This re-touching is not d i ft ingui (liable in the 
paintings on porcelain from that of any other fpecies of 
painting. 

One of the great inconveniences of thefe colours, is thefaci-The colours arc 
lity with which they fcale or fly off when the fire is often ap- apt to fcalc * 
plied. 

This has been particularly remarked at Sevres, on account Hard porcelain Is 

of the folidity and infufibility with which porcelain is there 
manufactured. But thefe qualities caufe it to refill the alter- changes of heat 
nations of heat and cold for a longer time, and gives its ground a J^ c ^ k£ cr 
a more brilliant white colour. On the other hand, the porce- 
lains of Paris being more vitreous, tranfparent, and of a blue- 
ifh caft, generally crack if boiling water is frequently poured 
into them. 

In order to remedy this evil without altering the qualify of The fcaling it 
the body, I foftened the glaze a little, by introducing more 
filiceous or calcareous flux according to the nature of the feld glaze, 
fpar. This method fucceeded, and for this twelvemonth paft 
the colours have paffed two and three times through the fire 
without cracking, provided there be not too much flux, and 
they be not laid on too thick. 

It has been remarked, that when foda and potafh were in- Alkalies are too 
troduced the colours fcaled ; fo that they cannot be ufed as ^J? at 
fluxes. Thefe alkalies being volatilized abandon the colours, 
which cannot adhere to the glaze by themfelvfes. 

I have obferved that other colours are likewife prepared. Colours to be 
which being laid upon the general furface, are fufed by the baked" by the 
fame fire as bakes the porcelain. Thefe colours are but few ; firttfire are few. 
becaufe there are few metallic oxides that canTupport fuch a 

fire 
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‘ fire without being volatilized or difcoloured. Their folvenf 

is the feld fpar. As they incorporate with the glaze they ne- 
ver crack, and are more brilliant. 

The third receptacle of metallic vitrifiable colours is glafs 
without lead. 

Art of painting The application of thefe colours con ft i lutes the art of paint- 
on glafc, ing on gj a £ . an art ujuch pra&ifed in former ages, but which 
is fuppofed to be loft, becaufe out of fafhion. It however too 
immediately depends on the art of painting on enamel and 
Si not loft, porcelain to be intirely loft. Defcriptions of the procefles may 
alfo be found in many different works. 

Books in which A book intitled, V Origin* de VArt de la Peinture JUr Ferre, 
Originai^* publifhed at Paris in the year 1693> and Le Traite de l* Art de 
la Verrene, by Neri and Kunckel, feem to be the firft works 
v containing complete defcriptions of this art. Thofe published 

LeviePs work is fince, even the great work of Leviel, which conftitutes part of 
tion a complla " Les Arts et Metiers of the academy, and of the Encyclopedic 
Methodique, are only compilations from the two former works. 
The others af- It is fomewhat remarkable, that if we follow the procefles 
bftruftion 0<>fC exa ^ty as they are defcribed in thefe works, as I have done 
with fome of them, the colours of which they pretend to give 
the receipt would never be fabricated. They only ferve to 
fhew an able pra&ician the method, and leave it to him to 
corred or make additions. This was found to be the cafe by 
Citizen Meraud, who was engaged to prepare them for the 
manufactory of Sdvres. He was obliged to make the colours 
for painting on glafs rather from his own experience, than from 
the inftru&ions in the works I have juft mentioned. 

The colours for The limits of a memoir will not permit me to enter into hif- 
Seffame ^ ITfor tor * ca ^ details on the art of painting on glafs $ its hiftory is 
enamel ; but given at length in LeviePs work ; the materials and fluxes 
SulTfor want of entcr into the compofition of the colours for painting on 

theopake glafs* are in general the fame as thofe applied to porcelain^ 

ground. They vary only in their proportions ; but a great number of 

the colours ufed for enamel and porcelain cannot be applied 
to glafs ; many of them when feen by tranfmitted light intirely 
change their afpeft, and exhibit an obfeure tint which can be 
of no, ufe when deprived of the white ground which throws 
them out. We fhall point out thefe when we treat of the 
colours in particular. Thofe colours which can be ufed on 

this 
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this body, fometimes change in the baking, and acquire a great 
tranfparence. They are generally beautiful only when placed 
between the eye and the light, and then they anfwer the pur- 
pofe intended in painting on glafs. 

There is more difficulty in baking plates of coloured glafs Difficulties of 
than is commonly thought. The bending of the piece, an ^ glaf * 
alteration of the colours, are to be avoided. All the treatifes 
we have confulted recommend the ufe of gypfum. This me- On the ufual 
thod fometimes fucceeded, but generally the glafs became {“j^the^ dkati 
white, and cracked in all directions. It appears that the glaffes of the glafs is at- 
Ihat are too alkaline, and which are far the mod common in tacked > and ^ 
clear white glaffes, are attacked by the hot fulphunc acid of 
the fulphate of lime. We were able with eafe to bake much Porcelain bifcuit 
larger glaffes than any before painted, by placing them on very bater 

ftaooth plates of earth or unglazed porcelain. 

Concerning the fevered particular Colours . 

After having colle&ed the general phenomena which each Particular co*. 
dafs of vitrifiable colours offers with regard to the bodies on 1011 ”* 
which they are placed, I muft (hew the particular and mod in- 
terefting phenomena which every principal fpecies of colours 
employed on lender porcelain, on glafs, and in the fire that 
bakes the porcelain, prefent. 

Concerning the Reds, Purples, and Violets obtained from Gold . 

The carmine red is obtained from the purple precipitate of Carbine tei 
Caffius. It is mixed with about fix parts of its flux, and this from S oW > 
mixture is direCtly employed without being firft fufed. It is 
then of a dirty violet, but acquires the beautiful carmine by 
baking. It is however very delicate ; a little too much heat »* very perifh- 
or carbonated vapours eafily fpoil it; yet it is more beautiful abIem thc fire * 
when baked with charcoal than with wood. < 

This colour and the purple which differs little from it, as as well as its 
well as all the (hades which are obtained from their mixture with ^ adcs * 
other colours, really change in all porcelains and in the hands 
of all operators. But this is the only one that changes on hard It is the only co- 
porcelain. It may be replaced by a fubftitution of rofe colour ©n h^pweer 8 
from iron, which does not change; fo that by excluding from lain; 
the pallet the carmine made from gold, and fubfiituting the 

rofe- 
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Fabrication of 
the gold carmine. 


Violet from gold 
ftands better on 
foft porcelain. 


But they all fail 
on hard. 

The carmine and 
purple are not 
good upon glafs; 
but the violet is 
beautiful* 


COLOURS OBTAINED FROM METALLIC OXIDES, 

rofe-coloured oxide of iroh here fpoken of, we have a pallet 
compofed of colours nooe of which are fubjed to any remark* 
a We change. This rofe-coloured oxide of iron has been long 
known, but was not employed on emmet, becaufe it is then 
fubjed to confiderable change. Or perhaps when the paint- 
ers on enamel became painters on porcelain, they continued to 
work according to their ancient method. 

We might fuppofe that by previoufly reducing the colour 
named carmine, already mixed with its folvent, into a vitreous 
matter, the lad tint would be obtained. But as I have already 
proved, the fire which mud be ufed to melt this vitreous 
mafs deflroys the red colour. Befides, it is found that, to ob± 
tain this colour in perfection, it is neceffary to pafs it through 
the fire as little as pofiible. 

The carmine of tender porcelain is made with fulminating 
gold gently decomposed, and muriate of filver ; there is no 
tin in it, which proves that it is not neceflary for the fabrication 
of a purple colour, that the oxide of this lad metal and that of 
gold fhould be combined. 

Violet is likewife obtained from the purple oxide of gold. 
This colour proceeds from having a greater quantity of lead in 
the flux, and it is nearly of the fame tint whether crude or 
baked. - 

Thefe three colours totally difappear in the drong fire pro- 
per to bake porcelain. 

Carmine and purple afforded us upon glafs, only tints of a 
dirty violet. The violet, on the contrary, has a very beautiful 
effed ; but it is fubjed to change to a blue. I cannot yet 
afeertain the caufe of fo Angular a change, as I obferved it for 
the fird time only a few days ago. 


(To be concluded .) 
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VI. 


Examination of the fuppo/ed igneous Origin of the Rocks of the 
Trapp formation. By Mr. Robert Jameson. From the 
Author. 

Sheriff Brae, Leith, Sept. 8, 1802. 


That the Rocks of the Trapp formation hare been depofited from a Aqueous origin 
State of Solution and Sufpenfion in Water, is a Truth , which has trapp-formatioiu 
been demonstrated by the Wernerian Geognofie. 

It is not at prefent my intention to date the proofs of this 
opinion : the fubjed of the following obfervations is the exa- 
mination of Mr. Playfair’s account of thefe rocks. 

At fedion 64* of his illudrations of the Huttonian theory, he Pro *- Playfair's 
obferves, “ The columnar ftrudure fometimes found in that thec^mna^ 
fpecies of whindone called bafaltes, is a fad which has given form of bafalt is 
rife to much difeuffion ; and it mud be confeffed, that though fee* 

one of the rood ftriking and peculiar charaders of this foflil, is in Uvas. 
not that which gives the cleared and direded information con- 
cerning its origin. One circnmftance, however, very much 
in favour that bafalt jc rocks owe their origin to fire, is, that the 
columnar form is fometimes aflTumed by lava adually erupted 
from volcanos. Now, it is certainly of no fmall importance to 
have the fynthetic argument on our fide, and to know that ba- 
faltic columns can be produced by fire ; though no doubt, to 
give abfoiute certainty to our conclufion, it would be neceflary 1 

to drew, that there are in nature no other means but this by 
which thefe columns can be formed. This fort of evidence 
can hardly be looked for ; but fince the power of fufion to 
produce the phenomena in queftion is perfedly edablilhed, 
and fince the produdion of the fame phenomena in the humid 
way is a mere hypothefis, if there be the lead reafon to fufped 
the adion of fubterraneous heat* as one of the caufes of mine- 
ralization. 


■* The phenomena of volcanos and hot fprmgs are confidered by 
Frofeftbr Playfair as proofs of a fabterranean heat, unconnected 
with the decompofition of any mineral fubdance. The Wernerian 
geognofie, however, has (hewn us, that volcanos and hot fprings ori- 
ginate in the neweft dot* trapp-formation, therefore we have fuffi- 
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ralization, every maxim of found philofophy requires that the 
S^dcfcriptbiis kafaltic ftrudure, in all cafes, fliould be afcribed to it." The 
of lavas by Spal- accounts given by Spallanzani and other travellers of columnar 
others* 1 are^in ^ ava * are mo ^ ev ^ en tty incorred ; the appearances they have 
correa as to the Jefcribed are accidental rents, fuch as we obferve in fandftone, 
appearance and limeftone, and even in bafalt. Many of the prifmatic lavas 
and that the * deferibed by Spallanzani, are either bafalt, greenftone, or por- 
aqueous origin phyry. That bafalt columns have been formed by chryftalliza- 
dndWe from C fi- ^ on * rom a ^ ate f° blt i° n * n water, is rendered probable from 
mHarity of ftruc- the analogy of their ftrudure with that of other foffils which 

??» in r <> ? er j have been certainly fo formed. Bafalt we know occurs in the 
,fomls fo formed# / 

fame mats m tabular and columnar diftind concretions, corref- 


poqding in this particular with the lamellar and columnar dif. 
ti nd concretions of truly chryftalline foffils *. 


P. The prefence At fe&ion 66 we are informed, “ That a mark of fufion, or 
m the^proot f of d °* the- operation of heat, which whinftone poflefles in 

igneous produc- common with many other foffils, is its being penetrated with 
pyrites, a fub dance, as has been already remarked, that is of 
all others molt exclufiyely the produdion of fire." 

^ r * Pla > rfair P robabl y not know that the great beds of 
among matters bituminated wood which are found covered with fand, clay, &c. 
never fubjedted in the 1 alluvial hills, are very frequently much impregnated 
re * with pyrites ; and that lately Mr. Hatchett had alfo demon- 

flratedits formation in the humid way. 


P. Infulated 
mafies of indu- 
rated fandftone 
in whin, urged 
as a proof of ig- 
neous fufion. 


He continues, “ Another mark of fufion, more diftindive of 
whin, is, that both in veins and maifes it fometimes includes 
pieces of fandftone, or of the other contiguous ftrata, com- 
pletely infulated, and having the appearance of fragments of 
rock floating in a fluid fufficiently denfe and ponderous to fuf- 
tain their weight. Though thefe fragments have been too re- 
fradory to be reduced into fufion themfelves, they have not 
remained intirely unchanged ; but are, in general, extremely 
indurated, in comparifon of the rock from which they appear 


cient proof of the exigence of quantities of inflammable matter, 
equal to the fupport of all the volcanoes that have, or can exift on 
our globe. 

* When bafalt, having a columnar ftrudure, occurs m veins, we 
find that thefe columns are perpendicular to the walls of the vein* 
This phenomena I have frequently obferved, and confider Jt as fup-^ 
porting in fome degree the opinion mentioned above. 


16 
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to have been detached.” That the pieces of fandftone are not I* “ denied that 
iofulated, I have proved in a former paper. The occurrence la £ d 
Of mafles of fandftone in veins of bafalt, grunftone, and wacken, rated, 
is Well known ; but that there are mafles more indurated than 
the other fandftone of this formation, muft be denied, as we 
know that fandftdne beds occur in this formation of ail degrees 
Of induration. 

Sedion 67. ** Similar inftances of extraordinary induration p * Bxtriordj- 

are obferved in the parts of the ftrata in contact with whinftone, ofthe^rauTa 
whether they form the fides of the veins, or the floors and contaft with 
roofs of the mafles into which the whinftone is diftributed. w ^ n ft° ne > 

The ftrata, whether Tandy or argillaceous, in fuch fltuations are 
ufuaJIy extremely hard and confolidated ; the former in parti- 
cular lofe their granulated texture, and are fometimes convert- 
ed into perfed jafper. This interefting remark was firft made 
by Dr. Hutton, and the truth of it has been verified by a great 
number of fiibfequent obfervations.” 

The flinty fandftone which is charaderiftic for the neweft accounted for by 
flotz trapp-formation, is ufually covered by clay, wacken, ba- 
fait, or grunftone, in the order here mentioned : fometimes the in the pores of 
clay is wanting, when the fandftone is covered by wacken, or ^ tcr 
when the wacken has been carried away, or not depoflted, by 
bafalt or grunftone. We have thus, to ufe the Huttonian lan- 
guage, the fandftone equally indurated under a bed of clay as 
under one of bafalt or grunftone : it is therefore plain, that no 
argument can be drawn from the fltuation and nature of this 
fandftone in favour of the igneous fyftem. When the walls of 
veins are indurated, we can eaflly trace it to the depofltion of 
a portion of the bafaltic folution in the pores of the fofter ftrata. 

Sedion 68. “ To the fame excellent geologift (Dr. Hutton) P. The appear- 
we are indebted for the knowledge of an analogous fad attend- oJcoakingo^coa! 
ant on the paflage of whinftone veins through coal ftrata. As in the vicinity of 
the beds of ftone where they are in contad with the veins of ^uced Ta^a 1 * 
whin, feem to acquire additional induration, fothofeof coal, in proof of their 
like circumftances, are frequently found to have loft their fufi- rmcr ^* tc °* 
bility, and to be reduced nearly to the ftate of coke or char- ru 
coal. The exiftence of coal of this kind has been already men- 
tioned, and has been coniidered as a proof of the operation of 
fubterraneous heat. In the inftances here referred to, that is, 
where the charring of the coal is limited to thofe parts of the 
ftrata which are in contad with the whin, or in its immediate 
, Vol, III.— October, 1802. I vicinity. 
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vicinity, the heat is pointed out as refidmg. in the vein \ 
this is to be accounted for only bn the fuppofition of dw! 
ipelted whin, at a period fubfequent to the confolid^tion pf the 
coal, having flowed through the openings of the iirata. The' 
heat has, been powerful: enough in many place? to drive off the 
bituminous matter of the coal, and to force it into the colder 
and more diftant parts. Few fads in the hiftory. ; pf foffils 
more remarkable than this, and none more diredly aflimilates 
the operations of the mineral regions with thofe that take place 
at the furfaoe of the earth.” 

In reply. This An eminent Irifh geognoft is of opinion# that the appear^ 
effedt is afcnbed^q^ dcfcribed by Frofeffor Playfair may have been produced 
tion of water, by the percolation of water along the tides of the baialt vein., 
This explanation will he fatisfadory to thofe who have witi 
netted the effeds produced by the weather on coal. This aU 
tered coal, however, mad not be confounded with the glanz 
and columnar coal, becaufe thefe differ from it in orydpgnofe 
tical and geognoflieal charaders. 

The argument contained in fedion 69, is refuted by what 
Werner mentions in his .admirable book on the formation of 
veins. 

whinftonc was ^ je ^* on 71. “ Again, if it be true tliat the raafies of whin-* 

introduced be-* ft° ne * thus interpofed among the ftrata, were introduced there 
tween the ftrata, after the formation of the latter, we might exped to find, at 
the^milarityof man y inftances, that the beds on which the whinftone 

the parts fo fepa- refls, and thofe by which it is covered, are exadly alike. If 
ra.ed. thefe beds were once contiguous, and have been only heaved 

up and feparated by the irruption of a fluid mafs of fubterraneao 
lava, their identity fhould ftUl be recognifed- Now this i& 
precifely what is obferved ; it is known to hold in a vaft num- 
ber of infiances, and it is flrikingly exemplified in the rock of 
TCw argument Saliibury Crag near Edinburgh. Ji If this argument was cor^ 
tootnucb^ be-** it thou Id follow, that the beds of foliated limeftone con* 
cauie it would tain ing (hells, which are found between ftrata of fandflone* 
m^dle^hMa^ ^ been ejected from below. This fad cannot be evaded 
by faying, that the limeftone has been only foftened ; it is plain 
if the foliated fradure (according to the Huttonian fyftem) is a 
charader of fufion in one (tone, fp muft it in all others. 

P. The nodules At fedion 7 3 we have the following obfervations on the for-* 

ftone appear to of agates : “ Some of the fpecies of whinftone are the 

havt been fluid j common matrices of agates and chalcedonies, which lie indofed 
2 in 
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in them in the form of round nodules. The original fluidity of 
thefe nodules is evinced by their figured and fometimes chryU 
tallized ftru&ure, and indeed is fo generally admitted, that 
the only queftion refpe&ing them is, whether this fluidity was 
the effeCt of heat or folution. To anfvver this queftion Dr. 

Hutton obferves, that the formation of the concentric coats of 
which the agate is ufually compofed, has evidently proceeded 
from the circumference toward the center, the exterior coats 
always imprefling the interior, but never the reverfe. The 
fame thing alfo follows from this other fa£t, that where there is 
any vacuity within the agate, it is ufually at the center, and 
there too are found the regular cbryftals, when any fuch have 
been formed. It therefore appears certain, that the progrefs and^to have con- 
of confolidation has been from the circumference inwards, and w - lthout . 
that the outward coats of the agate were the firft to acquire 
folidity and hardnefs. Now it muft be confidered that thefe 
coats are highly confolidated ; that they are of very pure fili- They are pure 
ceous matter, and are utterly impervious to every fubftance 
Which we know of, excepting light and heat. It is plain there- any other fub- 
fore, that whatever at any time, during the procefs of confoli- ftance i 
dation, was contained within the coats already formed, muft 
have remained there as long as the agate was intire, without 
the leaft poflibility of efcape. But nothing is found within 
the coats of the agate fave its own fubftance ; therefore no ex- 
traneous fubftance, that is to fay no folvent. Was ever included 
within them. The fluidity ot the agate was therefore Ample, whence this flu- 
and unaffifted by any menftruum. In this argument nothing ^'havebeen^ 
appears to me wanting that is neceflary to the perfection of a Ample, without 
phyfical, I had atmoft faid of a mathematical demonftration. an ? menftruum. 
It feems, indeed, to be impofiible that the igneous origin of 
foflils could be recorded in plainer language, than the pheno- 
menon which has been juft defer ibed/* 

it is well known to geognofts, that during the dapofition of Reply. The 

certain kinds of ftrata, confiderable quantities of air have been c ^ular ftrufture 
- . ...... • r , • , °f the ftrata 

formed, and this m endeavouring to elcape has given them a a fcribed togas* 

cellular ftruCture. The almond-ftone (mandelftein) in which 
agates are moft frequently found, has acquired its cellular 
ftru&ure in this manner. Thefe cells appear to have been the cells are 

fuccefllveiy filled with a ftony folution, out of which thin coats f* ated r t0 have . 

J .. ,1,01 1 . . . been fucceflively 

of jafper, carnelian, chalcedony, &c. have been precipitated, filled with a 

according as the precipitate altered or w r as finer. We are na- folution * 

1 2 turally 
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whence the pre- 
cipitation of no- 
dules took place. 


The opening of 
i n filtration ob- 
fervabfe. 


Flinty foflils not 
impervious to 
water. 


Other obf# 


Situations of 
wacken admitted 
by Prof . P. 


adduced to prove 
that it was not . 
hardened by fire. 


turafly led to the idea of an increafing finenefs in the fohitloiT, 
becaufe we obferve moil diflinftly that the outer coat is com- 
pofed of the coarfefl precipitate, and that as it approaches the 
middle, k is always finer and finer ; fo that at lad, out of the 
fined folution, amethyft fhoots, and, when there is room enough, 
chryflallizes. That the folution out of which the precipitation 
took place was truly chemical, is demonftrated not only by the 
eharafter of the fubflances, but alfo by the difpofition of the 
coaits ; for we can obferve that they have followed the attrac- 
tion of the walls of the cell, and are fo accurately depofited 
kpon it, that an inequality, or elevation upon the outer wall, 
continues to be obferved through all the fuperrncumbent coats 
to the center of the agate. That the folution had come from 
without, and by infiltration penetrated into the cells, is moft 
didin&ly to be feen in fpecimens of agate when they are pro- 
perly cut. If the cutting has been judicioufly done, we can al- 
ways obferve the opening by which the folution has entered. 
This elegant explanation is an outline of that delivered by the 
illudrious Werner in his geognodical le&ures, and is a demon- 
dr ation of the aqueous origin of agate. 

That flinty foflils, as dated by Mr. Playfair, are impervious 
to- water, has never been proved ; on the contrary, it is well 
known to coile&ors of foflils, that if the cellular rock chryflal, 
which contains water, is kept in a cabinet for fome years, the 
water gradually difappears. 

'Sections 249, 250 , 1, 2, are occupied with an- unfuccefsful 
attempt to reconcile the appearances on the hill of Scheibenberg 
with the Huttonian theory. Without infifling upon the Wer- 
nerian do&rine of formations, which gives the death-blow to, 
all partial explanations like thofe propofed by the Huttonian 
theory, I (hall merely mention a few fa&s refpefting the indivi- 
dual relation of thefe rocks, to (hew the infufficiency of the ex- 
planation attempted by Profeflor Playfair. 

1. Sanddone is fometimes obferved covering wacken. 

2. Gravel, covered by flaty clay and bafalt, has been ob- 
ferved lying on wacken. 

3. Veins of wacken fometimes traverfe gneifs, porphyries, 
fandflone, &c. 

Now, if wacken is clay hardened by the fuper-pofition of 
melted bafalt, we mud fuppofe the fame effect to have been 
4 produced 
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produced by the flaty clay, fandftone, or gravel. It is equally 
impofiible to explain wacken veins by this hy pot he (is of Pro- 
feflor Playfair. 

From fe&ion 255 to 259 is principally occupied in endea- Wedge-fliape ir- 
vouring to (hew, that from the wedge-ftiape irregularities in J^ t arlties ° f 
thicknefs, and the frequent great inclination of beds of bafalt, 
they would not have been depofited from a (late of folution 
in water. 

To explain the appearances defcribed in thefe fedions will accounted for by 
be no difficulty to the Neptunian, they are what he daily meets oilman un-" 
with, and are illuftrative of the depofition of thefe lirata from equal furface ; 
water. Let us conceive a bed of bafalt depofited upon an un- 
equal furface, that the water breaks it (either before it has be- broken by water; 
come folid, or afterwards) into (hapes refembling thofe de- 
fcribed by Profefior Playfair, afterwards that fandftone is de- and fendftone de- 
pofited upon this broken bed ; and we have a complete pic- P° fited thereon, 
ture and explanation of the wedge-(hape, irregularities in the 
thicknefs, and every variety of inclination of the ftrata of bafalt. 

This is illuftrated by figure 1 and 2, Plate VIII. 

A very ftrong obje&ion has been made to the igneous origin Objection to the 
of bafalt and grunftone, which has always appeared to me * baShlt** 
completely unanfwerable ; it is this : If thefe rocks had been that it is not 
formerly in a ftate of complete fufion, they (hould either ap- 
pear as glafs, or as a fimple mafs, not containing any fubftance diet, 
of a different nature from the mafs itfeif. 

Mr. Playfair, at the conclufion of his obfervations on the p. sir James 
trapp-formation rocks, remarks, “ Notwitft (landing all this 
accumulated and unanfwerable evidence for the igneous for- i n p roo f f the 
raation of bafaltes, (the evidence I have examined in the preceding {* on y character 
pages) a great objection would ft ill remain to our theory, were fufionl UCiWC ^ 
it not for the very accurate and conclufive experiments con- 
cerning the fufion of this foflil, made by Sir James Hall. A 
ftrong prejudice again!! the production of any thing like a real 
(tone by m eans of fufion, had arifen even among thofe mine- 
ralogifts who were every day witnefles of the ftony appear- 
ance a (fumed by volcanic lava. They (till maintained, on the 
authority of their own imperfect experiments, that nothing but 
glafs can ever be obtained by the melting of earths and ftones, 
in whatever way they are combined. 

An ingenious naturalift, after deferibing a block of bafaltes, 
in which he difeovered fuch appearances as inclined him to 

admit 
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admit its igneous confolidation, reje&s that hypothefis, merely 
from the imaginary inability of fire to give to any fubftance a 
ftony character : “ Quelque melange/' fays he, “ de terres 
que Ton fuppofe, quelque foit le terns que l\>n emploie, il eft 
tr6s certain que Pon n’obliendra pas, par la feul fluide ign£, 
bafalte, ni rien que lui refemble,” 

Sir James HalPs experiments have completely demonftrated 
the contrary of what is here aflerted 5 they have added much to. 
the evidence -of the Huttonian fyftem; and independently of 
all theory, have narrowed the circle of prejudice and error.” 

It is anfwered, Sir James Hall, however, has only drawn, that when bafidt, 
HalPs cHr^af S run ^ one > or wacken, are completely melted and then 
lite and the ori- flowly cooled, the glalfy character difappears, and the mafs 
ginal ftone are aflumes that of indiftindt chryflallization, This chryftallized 
.ixe.ent* ma f s he denominates chriftalite, as bearing a moft ftrik- 
ing refemblance to the natural ftones. To the orydtognoft, 
however, the glafs and the indiftindtly chryftallized mafs are 
equally different from the original ftone, therefore the argu- 
ments drawn from thefe experiments, in favour of the igneous 
origin of the rocks of the trapp- formation, are unfounded, and 
the objection which has been now ftated remains in full force. 
Objections to Sir Sir James HalPs opinion, that lava has been in a ftate of 
SonTtbat Uva , ~ com pk* e ^ u ^ on > an( * by flow cooling has acquired its prefent 
has been in a character, is probably incorreCt. The well known feCts, that 

frfion ^ l ava has run into the fea, rivers, and lakes, without afTuming 

f the glaffy character; that iflands compofed of cellular lav^ 

have been formed in the fea ; and laftly, the low degree of 
heat poflefled by lava ft reams, (hew, that it has not been in a 
ftate of complete fufion ; on the contrary, the following faCts, 
which are to be found in the beft writers on volcanos, render 
Wernerian opi- t-he Wernerian opinion, viz. that the fluidity of lava has rarely 
iiion, that lava is exceeded the ftate of vifcidity, extremely probable, 
thairvifcid ; C 1 • Lava flows very flowly, even over confiderably inclined 

fupported by its planes. 

flow iefcent, 2 . j n t j, e European volcanos glafs has hardly ever been 
obferved. The Obfidian of Iceland, as defer ibed by Bergman 
and Olafsen ; that of Lipari ; the glafs of Vefuvius mentioned 
by Brierlac, are moft diftinCtly products of water, as can be de? 
monftrated by the Wernerian geognofie. 
and the fcarcity 3. The chryftals of hornblende and felfpar, which are fo fre? 
together quently found in lava, being wrapped up in it' feingevvickeli), 

prove. 
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jp rOte> As Werner ha* weli obferved, that thefe are the unafter- the uiwUercd^ 
ed ChtyrtaLof the iPother-ftone, which the volcanic fire has not 
had powef to melt. 

4. When porphifitic bafalt is brought to the (late of vifci- Quick cooling of 

* * ° porphyritic ba- 

jdky, the cbryftals of felfpar float in it unaltered, and the mafs f a j t f rom *,t s v if- 
which is now lufficiently liquid to flow, however quickly cool- c >^ Gate does not 
fid, does not aflume the glafly character, but has the character drafter, 
of the commoneft kinds of lava. 

ROBERT JAMESON. 


VII. 

ficfcription qfthe Blow-Pipe Apparatus of Haas. From a 
Correspondent * . 

To Mr. NICHOLSON. 

DEAA S|R, 

After i had communicated to you the apparatus for the better. 
Wow-pipe by means of alcohol, as ufed by Profeffor Piftef, 
which you favoured with a place in the laft number of your 
excellent Journal, I was ftruck with the idea that the appara- 
tus of Mr. Haas, which I mentioned jn my letter, though made 
in the midft of London, is almoft entirely unknown in this 
couhtry. As this laft is very ingenious, and affords many ad- 
vantages in thd ufe of the blow-pipe, I think you will render a 
fervice to your chemical readers by making them acquaipted 
with its nature and conft ru&ion. In confequence of this, I 
here fubjoin a defbription and drawing of it, given by Mr. 

Orftein in Dr. Scherers Chemical Journal, Vol. II. page 454. 

I leave it to your diferetioh whether you think it deferring a 
place, and continue with the higheft efteem, 

SIR, A 

Your moft humble 
and obedient, 

f N* N. 

P. S. Concerning the older conftrudttons of the blow-pipe. 

Dr. Scherer refers ip that paper to Bergman’s Opufc. II. ^ r * te ^ l p ° > n tlie 

EngftrOm’s 
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EngftrSm's defcription of a mineralogical pocket laboratory 
(which may be feen in the fecond volume of Magellan's tranf- 
lation of Cronfted’s Mineralogy, 8vo, Lond. 1788), and to 
Weigel's Verfuch einer Gefchichte Eflfay towards a hiftory of 
the blow.pipe, and its ufe, in Crell's addition to the Chemical 
Annals, Vol. IV. page 262 — 283, and page 393 — 419; alfo, 
Vol. V. page 6—24, and page 198— 226. 


Defcription of 
Che apparatus. 


Peculiar con- 
ftru&ion of 
fnuffers. 


THE delineation here added is upon the whole fo difiinft, 
that a few parts only require a detailed defcription. I begin 
with the candle tube, as it is the mod eflential part of this ap- 
paratus, on which all the others in fome manner depend. 

Plate VII. A is this candle-tube, which may be Aided back- 
wards and forwards upon the plate B. The rack in the tube 
ferves to raife the candle. The ball s, together with its tubes 
c c, may alfo be railed and lowered in order to diredt the point 
€ accurately towards the flame. The pofleflors of this appara- 
tus will undoubtedly thank Mr. Haas for the ingenious ar- 
rangement of the inner parts of the ball, by means of which no 
moiAure can enter into the point e. 

The charcoal-ftand C is likewife moveable upon B ; but at 
the fame time, as the drawing fliews, its pillars k k are likewife, 
by means of the fliding-pieces * i, capable of a lateral motion y 
befides that at o the coal can be vertically turned upon the 
pillars. 

The confiru&ion of the fnuffers, and the re&angular fixa- 
tion of their point m with their flaps to the handle n, will be 
found particularly important and ufeful. For, by reafon of this 
form, the wick can, without any inconvenience to the hand, be 
always cut oflfin the fame dire&ion in which the flame is blown, 
and by ftroking the wick with the point m (turned towards the 
body of the operator), it may be fo managed as to be always 
kept broader in the direction of the flame. This will be found 
more expedient than the ufual method of bending the wick ac- 
cording to the flame’s direction. The handle is laid hold on 
with the thumb and middle finger at r r. The fore-finger, for 
the purpofe of fnuffing the candle, opens or (huts the moveable 
flap by puftiing the piece V to the right or left. It is becaufe a 
common pair of fnuflers, in the ufe of this apparatus, would be 
not only extremely incommodious but even detrimental, that 
Mr. Haas invented this commodious and ufeful infirument. 

The 
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The following articles which make this apparatus complete Additional appa- 
for ufe, were fold by Mr. Haas * in a neat box : 1 . Various ratUi * 
candles; 2. Points of different bores; 3. A hammer; 4. A 
round excavated piece of fteel to pound the produds of the 
operation; 5. A pair of tongs ; 6. A file; 7. A knife; 8. A 
magnifying lens; 9. A fpoon made of platina ; 10. A fteel to 
ftrike fire, ferving at the fame time as a magnet ; 1 1 . A qua- 
drangular magnet bar; 12. A thermometer ; 13. An hydro- 
meter. 


VIII. 


Note rejpe&ing the Infiruments by which the two Kinds of Elec- 
tricity are diftinguijhed , or its Direction qfcertained. W. N. 

Concerning the phenomena denominated eledric, the Eleflricity is yet 

fads have hitherto afforded us little more than a few general underftcwl.^^ 1 ^ 

laws, which certain ingenious philofophers have conneded 

by thofe hypothefes which confiitute the theory. Among thefe Franklin’s the- 

the two principal are, l ft, that a peculiar fluid, called the 40(1 

eledric matter, exifts in or upon all bodies ; capable of being 

accumulated by fridion, eafily and mofl rapidly pafiing through 

or along metals, water, and charcoal, and difficultly or not at 

all through glafs and other bodies not containing fluid water; 

capable of exifting at the oppofite confines of non-condudors, 

fo as to be in excefs or plus at one furface, and in defed or 

minus at the other, in much higher degrees than either ftate 

could fingly exift ; exhibiting the phenomena of ignition and 

found when it paffes through the fubftance of non-condudors ; 

and capable by its rapid motion of railing the temperature of 

condudors to the higheft intenfity hitherto obferved, as well 

as of exciting mufcular adion in all degrees, to the entire de- 

ftrudion of animal life. 

2. The fecond received theory of eledricity admits the ex- Nollet’s theory 
iftence of two fluids capable of being feparated by fridion . two fluids# 
having the fame habitudes, as to condudors and non-conduc- 


* Mr. Haas is no longer in London : Five fets of this apparatus 
were fent to Portugal, where he is now effablifhed. The blow- 
pipe and reft of the adjutage are made of brafs, except the fnuffers. 
— Tranfl. 

tors. 
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tors, as the fimple fluid ; ftrongly attracting each other, and 
not perceptible when combined in a due proportion \ capable 
pf exi fling feparately at the confines of non-conduCtors ip very 
high cqndenfation ; caufing light and foqnd when they rufli to* 
gether through the fubftance of a conductor 5 and producing 
the higheft temperature when they pafs through or meet in 
non*condu6lors, &c. 

Recording to the Without entering farther into thefe theories, or the additions 
a«drninus pl Sat *key re fP re * n 0f der to fatisfy the fadts, fuch as the attra&ioft 
inftrument fuppofed to exifl between eondudtors and the eledlric matter, the 
Idnd wil| C airo t ^ atmo ^ eres e ^ e ^ r * c ^y> &c. the fubjedtof the prefent notice 
diftinguifli the requires we fiiould ufe the language of one qf the two. The 
courfe of eleftri- former is mofl commonly adopted ; and accordingly we fhould 
aty * fay that an inftrument which (hall diflinguifh the plus from thq 

minus $ate of electricity, will alfo fhqw the current or diredfcioq 
in which that matter is moved or carried. 

Propofed mean* The fupporters of the theory called Franklin’s, from thq 
of doing this j p am g G f the philofopher who invented or at lead explained it 
at an early period, have always been avyare of the advantage it 
would be to their fyflein if they cpuld adduce any experiment 
by which the direction of their ele&ric fluid might be afeer- 
tained. Dr. Franklin himfelf very modeflly offers conjeCtura^ 
reafons, why the one tynd of electricity feemed to be a redun-r 
from clcdric dancy and the other a deficiency, chiefly grounded on the lu- 

hght , mtnous appearances at tKe extremity of the wires in the eleCtric 

figure of the ftates. Henly likewife obferved the lights of the two eleCtri- 
fparkj .cities in the figure of the fpark, of which the flem is always at 

Lightning; the plus conductor and the ramifications at the negative ; fo 
that the forked extremity of lightning will always denote the, 
receiving body, whether it be the cloud or the earth. He 
txhaufted tube ; alfo ufed his exhaufted glafs tube with good fuccefs, as an in- 
ftrument for the fame purpofe in which a receiving ball has a 
luminous atmofphere, and a giving ball throws out flreams of 
^ameofacandle; jjght. The fame philofopher firft noted, that the flame of q 
final! candle is blown towards a negative conduCtor, and from 
a pofitive one ; though this experiment is not quite unequi- 
vocal : And he made feveral other experiments which cannot 
with confident brevity be here detailed, haying this leading 
pbjeCt in view. 

None ofthefcaf- Among the experiments made with this view, every one of 
ford any decifion mu ft be confefled,* leave the great queflion of the 

naturq 
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pature and direction of the fuppofed eleCtric matter undeter- of the real na- 
pained, there feems-to be only two which afford the fimple ap- ^lcSricit^ 1 ^ 
paratus we are in the habit pf diftinguifhing by the name of 
jnftruments. As both inftriHnents appear to deferve more im- Two mftnimen^ 
piediate notice than they have yet had ? I have inferted them 
in Plate VIII, where Fig. 4 reprefents the Galvanic tube, the 
which, by. the (kilful management of Dr. Woflafton, isren-tubej 
4ered capable of diftinguifhing the courfe of ele&ricity. The 
ingenious J\lr. Acpm, of pompton Street, Soho, who fuppljes 
chemifts and philofophers with apparatus and materials of^^^J 1011 ®! 
every kind, made the inftrument where this dra vying was taken. * 

Two fine gold wires are fixed in feparate fmall glafs tubes by 
fufion ; and the ends of thefe tubes are ground away till the 
very feCtion or extremity of each wire is laid bare : at the 
other end of each tube appears a larger wire with a ball, 
which wire communicates with the gold wire within. Thefe 
twp tubes are fixed by fufion in a larger tube^ provided with 
a conical drawn aperture, through which it can be filled with 
water, all but a fmall vacuity or bubble, and then fealed. The 
apparatus is then complete ; and if a ftream of electricity or 
Galvanifm be paffed through it, the water is decompofed, and 
pf the gas thus extricated, the larger ftream of hidrogen (hews 
the minus fide. It is probable this inftrument might be of ufe 
in atmofpherical obfervations, in cafe large ftream s of electri- 
city fhould pafs through an elevated conductor at a low in- 
tenfity. 

The other inftrument. Fig. 5, was conftruCted by myfelf — and «n tppt- 
about twenty years ago, from an obfervation I made that low rat . us w,th a ^ 
points ceafe to aCt as fuch with the plus at higher elevations, P ° mt * 
than with the minus electricity. So that if two balls be infix- 
lated, and a low point proceeds from one of them, eleCtricity 
will fly through the interval in a fpark if the point be plus, but 
will be lilently tranfmitted if the point be minus. 

This inftrument, like the other, may be applied to diftin- 
guifh the atmofpheric changes ; but it will be effectual only 
when the eleCtricity is ftrong enongh to give fparks. 


ScStion 
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IX. 

Section and Plan qf a moveable Crane, capable qf heaving four 
Tons with four Men . Defigned and executed for the Pier at 
RamJJ'ate, by Order qf the Trufiees for the Management of 
the Harbour at that Place. By Mr. Peter Keir, qf St. 
Pancras. Communicated by Mr. P. Keir. 

To Mr. NICHOLSON. 

SIR, 

Account and de- The crane reprefented in the annexed drawings was con- 
craaei° n ^ tufted at the requefl of the Ramfgate Harbour Truth It 
confifls of a cafl iron frame, marked A, Plates V. and VI. 
weight two tons, and 9 feet 7 inches fquare, fupported on four 
cafl iron wheels, two of which traverfe on a centre at B, by 
the rack work C, to fleer it when moving from place to place. 
A cafl iron upright (haft, D, weight 23cwt. fupported by oak 
braces ; the weight of the framing and wheel work is fup- 
ported by a fleeled pivot on the top of the fhaft at F, round 
which the whole fwings, including the men that work it. 

The drawing is fufficiently plain, to require no farther ex- 
planation. It has been executed, and may be infpe&ed at any 
time on Ramfgate Pier. 

I am, SIR, 

Your obedient humble fervant, 
PETER KEIR. 

Further particu- Upon inquiry, I find that the original inflru&ions were to 
make a crane capable of raifing four tons, and that the centre 
piece, or upright fhaft, was at firfl made of oak : but that the 
flrain for difengaging goods from their flowage requiring the 
occafional exertion of a greater power, it was found advife- 
able to fubflitute the prefent iron piece. The cofl of this en- 
gine was four hundred pounds ; but from the above circum- 
flance, and particularly becaufe the expence of patterns, &c. 
will not again be requifite, I am informed that others might 
now be made for three hundred pounds each. 

W. N. 

Experiments 
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X. 


Experiments on the Separation of Light and Heat by Refraction, 
In a Letter from Sir H. C. Englefield, Bart, F. R. S. 
to Thomas Young , M. D. F. R, S, From the Journal qf the 
Royal Inftitution, p. 202. 


Dear Sir, 

In purfuance of your defire, I communicate to you the ex- Letter to Dr. 
periments which I made in confequence of Dr. Herfchel's Young, 
moil interefting difeovery of the reparation of folar heat and 
light by the prifrn. They carried with them, to my mind, a 
complete cqn vision of the truth and accuracy of the Doctor's ' 

aflertions on that fubjeft. Should you judge them worthy of 
infertion in the Journals of the Royal Inftitution, I fha.ll think 
myfelf honoured by their publication. r 

l am. Dear Sir, 

Your faithful Servant, 7 

§ f H. C. ENGLEFIEI4>. 


As I was defirous not only to afeertain, by actual otferva- Introductory 
tion, the very curious difeovery of Dr. Herfchel, but to obvi- *«a»rk** 
ate the obje&ion made by Mr. Leflie * to the mode in which 
his experiments had been made, I contrived an apparatus 
totally different in its arrangement from that which had been 
ufed by the Do£tor ; and difpofed in fuch a manner that it was 
impofiible that the thermometers (hould be affe&ed by any 
foreign heat reflected from any part of it. As to the heat re- 
fledted from the floor, it could not influence the refults, fince 
it was the fame, whatever colour was thrown on the ball of 
the thermometer. 

As I had nothing to do with light, it was not neceflary to A prifrn w» 
darken the room ; and as I wifhed to accumulate as Targe a ^“'{ightl’n . 
portion of folar heat as poflible, I placed the prifrn in an open room, not 
window, inftead of admitting a beam through an aperture in ened * 
a (hutter, as is the ufual practice. The prifrn I ufed is a 
very good one; and it was lent to me for thispurpofe by Mr. 

Walker, of Conduit- Street. It is three inches long, and 
equilateral, each fide being 1.15 inch broad. ^ ' 


• In his communication* to the Pbilofophic Journal' (quarto} 
Vol. IV. p. 344, 416. 
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The fpe&rum 
fell on a lens* 


Through a (lit 
which fuftered 
one colour only 
topafs. 


A me r curi al 
thermometer 
was held in the 
focus* 


x QK tHE SEPARATION Of 1 *IgHT AND H*A& 

It was fupported by an horizontal arm, projeding from i 
pole like that of a fire-fcreen. The arm could be adjufted 
to any height by afcrew ; and the prifm was likewife capable 
of being turned on its axis to any required pbfition. 

The coloured fpedrum was thrown on a very good lens; 
of four inches in diameter, and about 22 inches focal length. 
This lens formed part of a machine well known, and ufed 
for viewing prints 5 it (lands on a foot adjuftable in any di- 
redion, and to any height; and the mounting being of wood* 
and merely fufficient to fupport the lens, fcarcely any heat 
can be accumulated in any part of it. The whole lens,, as 
Well as its mounting, was covered with a thick white pallet 
board fcreen, in which was cut a flit of 3 inches long, and 
half an inch wide; this flit was over the centre of the lens; 
and through it any one of the colours required wa^ admitted 
on die lens, while all the reft of the fpedrum was totally ex- 
cluded. A light wooden arm, of two feet long; projected 
at right angles from the lower part of the mounting of the 
lens. This arm carried a fmall fcreen of poliflied card, which 
received the image formed in the focus of the lens. This was 
found qecelfary, in order to find with certainty where to place 
the thermometer; when the focal diftance was found, the 
fcreen was moved back, about a diameter of the bulb of the 
thermometer ufed, which . was then held by the hand in the 
focus of the lens, which was done with great eafe and cer- 
tainty, as nothing more was ; neceflary than to the eye oft 
the card fcreen, and keep the ball of the thermometer in the 
centre qf the luiqinous image. The whitenefe and polifh of 
the fcreen totally precluded afcy accumulation of heat in it^ 
nor indeed would fucb accumulation have beep of any detri* 
ment to the experiments had it exifted ; for, as it muft have 
been entirely owing to the ray under examination, it would 
have done nothing more than increafe the effed of it on the 
thermometer. 

The thermometers ufed were mercurial, and very fenfihle* 
The {bales were ivory tubes, embracing the ftem, and gra* 
duated within. The ball of the inftrument was therefore^ 
unconneded with any mounting ; and no falfe heat could po& 
fibly affed it. The balls were moftly blackened with Indiaa 
ink,' carefully laid on ; but fome were ufed naked, and one, 
covered. with white water-cohmr paint* 

The 
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The lens, with its apparatus, was placed about three feet Pofitions of the 
fcom the prifm; and, as the fuh was pretty high in the greater iens and 
part of the experiments, and the defending fpedrum was in 
general ufed, the floor under the fland of the lens was in 
(hade, from the wall below the window, and had been fo all 
the day, as the window at which mod of the experiments were 
made, fronted thefouth 

Some part of this, detail might feem fuperfluous, had not 
fuch flrefs been laid on the fuppofed accumulation of heat in 
Dr. Herfchel's experiments, that it was neceflary to obviate 
any objedion on that head or to (how, at lea A, the utter 
improbability of any caufe of that nature having affeded the 
refults of thefe experiments, 

I now proceed to relate the experiments themfelves : which 
t {hall tranfcribe from the original notes made at the moment, 

April 6, 1801* 

The apparatus being difpofed as above defcribed, the co- Experiment I* 
loured rays of the defending fpedrum of the prifm were fuc-^^hniim rde 
ceflively thrown on the flit in the fcreen, covering the lens ; ©f tSe^ermT 
and the thermometer with a blackened ball, placed in the fo-khlMc — 
cus of the lens, rofe as fpllows : ydlow *■; 6 

In the blue in 3', from 55* to 56°. or l 9 . red ~i6 

Green in 3', from 54° to 58°. or 4°. 

Yellow in 3', from 56° to 62°. or 6°. 

Full red in 2£', from 56° to 72°. or 16°. 

In the confines of the red in 2|', from 58° to 73|°. hr 15f®. 

Quite out of vifible light in from 61° to 79°. or 18°. 

Between each of the obfervatipns the thermometer was 
placed in the ftiade £b long as to fink it below the heat to which 
it had rifen in the preceding observation : of ppurfe Us rife 
above that point could only be the e fifed of the ray to which 
it was now expofed *. A thermometer placed conflantly in 
the fliade near the apparatus, fcarcely varied during the expe- 
riments, 

April 17th, 11, A. M. 

Three thermometers, ufed afterwards in the experiments, 
were expofed to the fun's rays until they became flationary, 

# In all the experiments the thermometer was continued in the 
focus long after it had ceafed to rift ; therefore the heats given are 
the greateft effe& of the ftveral rays on the thermometer in each ob- 
fervation. 

The 
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The thermometer with 

Naked ball 58J* 

Whitened ball ............ 58|° 

Blackened ball . 63 p 

Experiment II. The apparatus being placed all as before, the blackened 
thermometer 

Black ther. rofe In full red ray in 3', from 58 ° to 61°. or 3°. 
m dark = 5 ° In quite dark in 3 ', from 59° to 64*. or 5 P . 

White therm. The whitened thermometer 

dark ol* 1 ° ^ rec * ra ^ * n ^ * ^ r0m ^5° *° ^°. OF 

Black ther. In quite dark in 3', from 58* to 58f°. or 0 f°. 

in dark 4 ? The blackened thermometer was now again placed in thd 

quite dark, and rofe in 3', from 58° to 61°. or 4°. 

This is what I expected, as a thick fmoky haze had come 
. on fince the experiments were begun, and increafed much 
towards the end of them. 

Experiment III. April 18, 1 1 , A. M. Sun clear. All the apparatus as before* 

Bkdcther.Tofc I n the confines of the red. 

in co nfine or -red 1 

ia <? Black thermometer in 3', from 59 0 to 71*. 

White do. do. 3 * White thermometer in 3', from 57f° to 60|°. Clouds 

came on, and put a flop to the experiments. 

Experiment IV. April 19, 3f, P. M. Sun clear. * 

In the full red ray. 

White do. do. Black thermometer in 3', from 66 ° to 82° 

3a°* White thermometer in 3 f , from 66 ° to 69|°. 

Jnconfineofred In the confines of the red. 

Black th. i&{* Black thermometer in 3', from 67° to 79| # . But thin 
Ditto, quite dark £ rea ky c j ouc i s had come over the fun. 

In quite dark, half an inch out of the red. 

Black thermometer in 3', from 70° to 84°. 

Tranfitions from When the thermometer was carried into the faint red light, 
red to dark occa- jj- quickly; and rofe again as quickly when carried into 
temperature. the dark f°c us • but when carried into the dark on the other 
fide of the red light, it funk very rapidly, and did not appear 
to receive any heat at all. Thin clouds increafed, and ren- 
dered ther fun's light tdo faint for further experiments. 
Experiment V. April 20, from lOf to Ilf, A. M. Sun quite clear. 

Although it could not be fuppofed that effedts of the re- 
fracted light could differ in the two fpedtra, yet, in order to 
afeertain the fadt, the horizontal fpedtrum was ufed in the fub- 
fequent experiments. 

The 


Experiment III. 
Black ther. rofe 
jnconfineofred' 
n*? 

White do. do. 3 * 


Black ther. rofe 
In full red 12° 
White do. do. 


Jn confine of red 
Black th. ial* 
Ditto, quite dark 
»♦* 


temperature. 


Experiment V. 
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The apparatus aU the fame as in the former. 

In the full red ray. Black therm. 

Black thermometer in 3', from 67 ° to 7 if 0 dark^ 

Quite out of the ray. 

Black thermometer in 3', from 68° to 77f°i 

The ray was now fo far removed from the flit in the fereen, Darker 
that fcarce any light was perceptible in the focus of the lens. 

The black thermometer was now placed near half an inch 
from the bound Qf the vifible light in the focus, ^nd rofe hi 
from 69° to 7 9f°. 

The utmoft edge of the prifmatic fpedlriim was now removed Moft dark 9°#. 
an eighth of an inch from the edge of the llit in the fereen ; 
and no light was now vifible in the focus of the lens. 

Black thermometer in S', from 70° to 79°. 

Mr. Cary, optician in the Strand, and Dr. Hunter* were The difference 
prefent at thefe experiments, and repeatedly faw the thermo* ^rSticJu *** 
meter, in the fecond experiment, fink when carried into the 
light, and rile again when removed back into the dark. Dr. , 

Hunter alfo received the focus on the palm of his hand, where 
the heat was fenfibly felt; and on (hutting his eyes, and point- 
ing with a long pen to where the heat was greatefl, lie always 
touched his hand beyond the vifible light. 

As the red image has been continually mentioned in the Defcription of 
courfe of the ^bpye recited experiments, it may not be im- red 
proper to deforce it more particularly. The diameter of the 
red fpot, formed by the ray in the focus of the lens, was. juft 
two tenths of an inch in diameter, at right angles to the length 
of the fpe&rum, and well defined : in the dire&ion qf the 
fpe&rum it yyas elongated, as might be expected, and lefs 
well defined. 

When the whole vifible fpe&rum from the prifm was re- Very faint red Ta 

ceived on the fereen which covered the lens, and the utmoft t !' e whca 

the heat was 

edge of the red rays was removed a foil eighth of an inch greateft. 
fropa the edge of the flit in the fereen, there was ftill a faint 
biufh of red, of a femioval form, vifible when the focus of 
the lens was thrown on a white fereen ; and it was in thefe 
circumflances that the greatefl effort of heat was conflantly 
produced on the thermometer, not by placing it in the red 
light, but out of it, in the axis of the lens. 

I have only to add, that in the courfe of the month of June Repetition of 
1802, I repeated mod -of thefe experiments with the fame experimtnts. 

Yol. III. — October, 1802 . K apparatus. 
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apparatus, in prefence of Mr. Davy, with the moft complete 
fuccefs; the fun’s altitude being greater, the effect of hi* 
rays was fo great as to raife the thermometer in the invifible 
ray to 98°, while the vifible red never raifed it above 87 
At the fuggeftion of Mr. Davy, we tried feveral experiments 
with refpett to the power of the feveral coloured rays in ren- 
The blue raysil- dering Canton’s phofphorus luminous ; and we found, with- 
to^pho^horus out a P°ffibility of doubt, that the blue rays poflefled that 
more than the red power in a much higher degree than the red. There was 
great reafon to fufpeft that this power, like that of blackening 
the nitrate of filver, extended beyond the vifible blue ray^ 
but our apparatus was not prepared for the more delicate part 
of thefe experiments, which are only mentioned with a view 
of exciting further refearches on this very interefting fubjeft, 
and of giving to Mr. Davy the credit due to him for having 
firft thought of the experiment. 


XI. 

On the Expanfion of the Elafiic Fluids by Heat * * By Mr. John 
Dalton. 

Occafion of the ^A'hE principal occafion of this effay is another on the fame 
Eflay r mentS b y Meflrs. de Morveau and du Vernois in the firft 

vol. of the Annales de Chimie. It appearing to them that 
the refults of the experiments of De Luc, Col. Roi, de Sauf- 
fure, Prieftley, Vandermonde, Berth ollet and Monge did not 
fufficiently accord with each other ; and that it would be of 
importance to determine not only the whole expanfion of 
each gas from two diftant points, fuch as the freezing and 
boiling, but likewife whether that expanfion be uniform in 
every part of the fcale, they inftituted a fet of experiments 
Experiments of exprefsly for thofe purpofes. The refult of which was, that 
Vcrno^s.^ ° U betwixt the temperatures of 32° and 212°, the whole expan- 
fion of one gas differs much from that of another, it being in 
one inftance about of the original, and in others more than 
12 times that expanfion ; and that the expanfion is much more 
for a given number of degrees in the higher than in the lower 

# Manchefter Memoirs, V. 555. 

4 ^ part 
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part of the fcale. Thefe conclufions were fo extremely dif- 
cordant with and even contradictory to thofe of others, that I 
could not but fufpeCt fome great fallacy in them, and found it 
in reality to be the fa6t: I have no doubt it arofe from the 
want of due care to keep the apparatus and materials free 
from moifture. 

My method of experimenting on this fubjeCt is fimple, and The author** 
therefore lefs liable to error. A ftraight manometer tube, 
fuch as has been mentioned, is duly divided into equal por-ter tube, 
tions of capacity ; it is then dried by a wire and thread, and 
• the open end inferted through a cork into a phial containing 
fulphuric acid, in order that the aqueous vapour may be drawn 
out of the tube ; this is eflential if we operate in temperatures 
lower than that of the atmofphere, otherwife not. For want and air dried by 
of this attention. Col. Roi, in his valuable paper in the Philos. ful P* u ***** 
Tranf. vol. 67, has been led into fome erroneous conclufions. 

A fmall column of dry mercury is then let down to a proper 
point in the manometer, and it is ready for experiment with 
common air. 

It requires fome addrefs to fill the manometer with any other Methodof filling 
gas. — I fucceeded beft as follows : filled the tube with dry m * nom ® tcr * 
mercury ; then pulhed down a wire with thread, fo that when 
the wire was got to the end of the tube, a thick covering of 
thread juft entered the open end, and held the mercury like 
a cork, fo that the tube could be inverted without lofing the 
contents ; then having a glafs funnel with a perforated cork 
over the water apparatus, containing the gas, I (lipped the 
manometer through the hole in the cork, and putting my hand 
into the water under the funnel, drew the wire out of the 
manometer, and with it the mercury ; upon which the gas 
entered the manometer. For carbonic acid gas, I opened the Carbonic add 
fealed end of the manometer, drew it out to a capillary bore, 
and forced a ftream of the gas through the tube ; then putting 
my finger on the other end, fealed it again by a blow-pipe, 
and let down a fmall column of mercury to the proper point. 

When the manometer was to be expofed to a heat of 212°, Simple method 
I ufed a Florence flafk, with a long glafs tube corked into it, 
in fuch fort that as much of the manometer as was neceflary 
to be expofed to the temperature might be in the tube; then 
the water at the bottom of the flafk was made to boil violently, 
fo that a conftant ftream of vapour ifliied out of the top of 
» K 2 the 
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the g&Jts tube, which was found to raife the thermometer fc* 
212 9 . Sm^Il fpeeksof whitcpaint were put upon the divifionS 
of the manometer together with numbers which were difcern-* 
ible through the containing tube. For lower temperatures, 
a deep tin veflel containing hot water was ufed, in which the 
manometer was immerfed, the water being well agitated pre- 
yioufly to each qbleryation. 

The conclufions From a great many experiments made in -this Way on coiq- 
Berthdilct * mon a * r > l& e wife upon hydrogenous gas, oxygenous and 
are accurate; nitrous gpfes, and carbonic acid gas, I can after t that the con- 

but thofe of chiffons of £)e Luc, Roi, S a allure, Berthollet, &c. are nearly 
Morveau and du , , * . ; ' r r , , ' 

Vernois not fo. accurate throughout, and that thole of de Morveau and da 

Vernois are extremely inaccurate in the higher temperatures* 
Expansion of l have repeatedly found that 1000 parts of common air of 
common au. the temperature 55° and common preflure, expand to 132J 
parts of the manometer ; to which adding 4 parts fpr the 
correfponding expanflon of g.Iafs, we have 325 parts increafe 
upon 1000 from 55° to 212° ; or for 157° of the therropme- 
Intermediate trie feale. As for the expanlion in the intermediate degrees, 

expansion. .which Col. Roy’s experiments fhew to be a jloxvly dimmjhing 

pnp above the temperature of 57°, but which de hforyeau^ 
on the contrary lliew to be a rapidly increafwg ope in the highef 
pari of the feale; I am obliged to allow that Col. Roi is right, 
though it makes in fame degree againft an hypothetic I hav$ 
fotyned relative ,ip the -fubjefr; he has certainly however 
made the diminution too great from 72° downwards, owing 
to his not perceiving that he actually (Ufiroyed a portion of thp 
elaitic fluid he was operating upon (aqueous vapour) in rpdu* 
cing i(,s temperature fa low \ if his air had been previogfly 
dried by iulpburic acid, &c. he wopld nof have found fo re- 
markable diminution below 72°. My experiments give for 
• 77 1 0 above 55°, 167 parts; for the next 77 only 15£ parts | 

and the expunffon in every part of the feale feerps to be a gra- 
dually diminifhing one in afeending. 

Other gafes The refults of feveral experiments, made upon hydrogenous 
agree with com-g a ^ oxygenous gas, carbonic acid gas and.nitrous gas, which 
mn m * were aU the kinds I tried, agreed with thofe on common air 
pot only in the total expaniion, but in the gradual diminu- 
tion of it in afeending: the fmall differences obferved nevef 
^ exceeded 6 or 8 parts on the whole 325 ; *nd differences to 

JW# 
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this amount wilt take place in common air, when not freed 
from aqueous vapour, which was the fitoation of all my 
fa&itfous gales. 

Upon the whole therefore I fee no fufficient reafon why we The law is ge- 
itoay not conclude* that all eluftic fluids under the fame prejfure 
expand etpialiy by heat, — and that for any given expanfion of mer- 
cury, the correjponding expanfion of air is proportionally fount- 
thing lefi, the kigher the temperature . 

This remarkable fed that all elaftic fluids expand the feme Suppofed ciufc 
quantity in the fame circumftarices, plainly thews that the ex- they have to 
pan ft on depends Jblely upon heat : whereas tl>e expanfion in attraction, 
folid and liquid bodies feems to depend upon an adjuftment 
of the two oppofite forces of heat and chemical affinity, the 
one a conflant force in the fame temperature, the Other a va- 
riable one, according to the nature of the body ; hence the 
unequal expanfion of fuch bodies. It feems therefore that 
general laws refpe&ing the abfolute quantity and the nature 
of heat, are more likely to be derived from elaftic fluids than 
from other fubfiances. 

Jft order to explain the manner in which elaftic fluids ex- Hypothefis to 
pand by heat, let us aflume an hypothefis that the repulfive e *P ,su “^ e ,aw 
force of each particle is exa&ly proportional to the Whole 
quantity of heat combined with it, of in other ifcords to its 
temperature reckoned from the point of total privation : then, 
lince the diameter of each particle’s fphere of influence h as 
the cube root of the fpace occupied by the mafs, we fttall 
3 3 

have ^ 1 000 1325 (10 : 11, nearly) :: the abfolute' 

quantity of heat in air of 55° : the. abfolute quantity in air 

pf 212°. This gives the point of total privation of heat. Or Singular foinci- 

abfolute cold, at 1547 0 below the point at which water freezes. xcro* C 

Dr* Crawford (On Animal Heat, &c. page 267) deduces the 

(aid point by a method wholly different to be 1532°,*— So near 

a coincidence is certainly more than fortuitous. 

- The only objection I fee to this hypothefis is, that it necef- An objcaidn if 
ferily requires the augmentation of elaftic fluids for a given 'o^mcr* 
quantity of heat to be greater in the higher temperatures than cury to be as the 
jn the lower, becaufe the cubes of a feries of numbers in.h cat > but not fo 
arithmetical progreffion differ more the larger the numbers or ^ITjawof all 
roots : but it has juft been (hewn that in fed an augmentation other fluids* 
qf a contrary kind is obferved* This refers us to the con- 

fider- 
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fideration whether the mercurial thermometer is an accurate 
meafure of the increments of heat ; if it be, the hypothecs 
fails ; but if equal increments of heat caufe a greater expan- 
iion in mercury in the higher than in the lower temperatures, 
and that in a fmall degree, the fabi noticed above inftead of 
being an objection will corroborate the hypothefis.T-Dr. Craw- 
ford determines the expanfions of mercury to be very nearly 
in proportion to the increments of heat : M. De Luc makes 
them to be lefs for a given quantity of heat in the lower than 
in the higher part of the /bale ; and in a ratio that agrees with 
this hypothefis. Now as every other liquid we are ac- 
quainted with is found to expand more in the higher than in 
the lower temperatures; analogy is in favour of the conclu- 
fions of De Luc, that mercury does the fame. 


Short account of j n the Bulletin des Sciences, there is a notice of a memoir 
by^Mr.^ay^ 65 °f Cit. Gay Luflac on the dilation of the gafes and vapours ; 
Luflac. and the memoir itfelf is given in the 43d volume of the Annals 

* de Chbmie, whence I (hall, as early as convenient, give either 

a full abftrabi or a tranflation. This able author gives the 
fame conclufion as that of Mr. Dalton, and, like him, attri- 
butes the errors of preceding experimenters to the humidity 
of the gafes they examined. 

His method. His experiments were made by expelling the gas from a 
glafs ball properly fitted up, and determining the expanfion 
by weighing the apparatus, after water had been fuffered to 
come in during the cooling, to occupy the fpace of the ex- 
truded gas. He very candidly informs us, that Cit. Charles 
had deduced the general refult of the equal and fimilar expan- 
lion of all the gafes by heat, under like prefliire, fifteen years 
before, though he did not publilh it ; and he gives an hiftorical 
account of the labours of his predeceffors ; fo that we muft 
neceflarily conclude that he could not have feen the late pub- 
lication of the Manchefter Society, in which the extenfive re- 
Mr. Dalton’s fearches of Mr. Dalton are inferted ; and wherein it appears 
wcrT«nto P recec * m £ me moir was read about a year before that 

‘ * of Mr. Gay Luflac was read to the Inftitute. The French 

Philofopher finds the expanfion or increafe of dimenfion, be- 
tween the freezing and boiling water points, to be 0. 375, 

which 
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which gives for the fpace between 55° and 212°, or 157*, How far they 
the quantity 0.327 inftead of 0. 321, as Mr. Dalton finds it. agrcc * 

This difference of fomewhat lei's than one fiftieth part of the 
expanfion, may perhaps have arifen from a difference in the 
fcales of operation, of perhaps the difficulty of producing a 
given temperature through the whole mafs of a fluid, &c. 


XII. 


Account of fomc Experiments made in the Laboratory of the Royal 
Inftitution, relating to the Agencies of Galvanic Electricity, in 
producing Heat , and in effecting Changes in different fluid Sub • 
ftanees . By H. Davy, Prof. Chem. 


I. It has been fliown, by a very interefting experiment made Difcovery of 
in France, by Meffrs. Fourcroy, Vauquelin, and Thenard, ^,5^^ ^hel 
that the power of galvanic batteries containing large plates, tonard, of the 
ignite metallic fubflances, is much greater than that of battc- {^^g^g^a- 
ries compofed of an equal number of fmall plates ; though their nic plates, 
agencies upon water, and upon the human body, are nearly 
the fame. 

In examining the circumflances of the a&ion of a galvanic The trough with 
apparatus, or trough, conftru&ed in the Royal Inftitution, and ion 

containing twenty feries of plates of copper and zinc, fquare,of chemical 
and thirteen inches in diameter, I obferved that the fame rela- a S*^ u a * 
tions between chemical agency and the production of galvanic 
electricity exifted as in other cafes. When pure water Was 
ufed for filling the cells, the fparks, as well as the fhocks, > 

were extremely indiftinCt ; and the battery was capable of ig- Water had little 
niting only about a line of iron wire of of an inch in diarne-*?*:^ » falts and 
ter. With folution of muriate of foda it aCted better ; and di-*** mU m ° rC# 
lated nitric acid was ftill more efficacious. With this laft fub- 
ftance, it became capable of rendering white-hot three inches 
of the iron wire of T y V , and of caufing two inches to enter 
into fufion. 


In comparing the effects produced by a folution of nitrous Nitrous acid did 
acid, of the fpecific gravity of 1.4, in about fixty parts of ^ ** 
ter, with thofe occafioned by a concentrated folution of carbo-For it if much 
nate of potafh, the acid was found to produce by much the ^powerful f 

greateft intenfity of aCtion ; which can hardly be aferibed to potato, thought 

an y conducts much 
J left* 
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ariy other caufe than its chemical agency ; for, With regard M 
conducting power, it appeared Very much inferior to Che other 
folution. There is every reafon to believe, that with pure 
water, that is, water deprived ot air and of all feline fub^ 
fiances, no aCtion would be produced in this battery. I Was mv 
able to afcertain the fad by a dired experiment' ; but I found 
Water appear* to repeatedly, that a pile, compofed of thirty-fix feries of fquare 
difftor ta but°b" P^ a ^ es> C0 PP er an d zinc, of ^ ve inches in diameter, loll its 
its ga».* a&ivity in nitrogene and hydrogene gafes, in about two days ; 

and it was conftantly reftored by common air ; and rendered 
more intenfe by oxigene gas. 

Water and oil II. When Uie galvanic battery, with large plates, was in 

made to boil by fftft a ^j on ft was found that a JU of an inch in diame- 

gidvaufm. . _ ■ , ‘ 

ter, and two feet long, when placed tn the circuit, was ren* 

dered fo hot as to caufe a fmall quantity of water, brought in 

contaCl with it, fpeedily to boil. If continued warm for many 1 

minutes ; and, by an occafional momentary interruption and 

completion of the circle, the heat was permanently kept rip. 

When three or four inches of the wire of were plriced in 

any part of the conducting chain, they continued red-hot for 

more than a minute ; and, by a fucceffion- of rntermptrons and 

contacts, they were kept partially ignited for five or fix: miv 

nutes. When that part of the communicating chain containing 

the fmall wire was introduced into a fmall quantity of ether ? 

alcohol, or oil, the fluid foon became warm ; and olive oil, 

the only fubflance that was expofed for a fufficient time, yvas 

made to boil. 

Charcoal made III. When two fmall pieces of well burned charcoal, or a 
"^hot under piece of charcoal and a metallic wire, were made to complete 
«rfth the extrica- ^ ,e circle, in water, vivid fparks were perceived, gas was 
tion of gate*, given out very plentifully, and the points of the charcoal ap r 
peared red-hot in the fluid, for fome time after the contaCl was 
made ; and, as long as this appearance exifled, elaflic fluid 
was generated, with the noife of ebullition. The fenftble phe-' 
nomenawere nearly the fame with the volatile and fixed oils, 
ether, and alcohol ; and, by means of charcoal, the fpark 
could be produced in concentrated fulphuric and nitric acids. 
Which are amongft the beft of the lefs perfect conductors, 
liature of the The gafes produced from different fluids by the galvano- 
gafe* 5 6le£tric fpark, were examined 5 and as the refults were,* in 

mod 
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ttroft cafesf, what might have been expected from theory 1 ; the 
analyfis of them was riot made With very minute attention. 

When water was a&ed upon by fparks taker! from two from wafer 5 
pieces of charcoal, the elaftic products evolved were about 
of carbonic acid, -J of oxigene, and the remainder an inflam- 
mable gas, whichr required a little more than half its volume of 
oxigene for its combuftion. With gold and Charcoal, the gold 
being on the zmc fide, the gas produced appeared to be chiefly 
a mixture of oxigene send hidrogene, for it dimini fhed'-^ by 
the eledrio fpark. 

The gas drfengaged from alcohol, the fpark being taken by from alcohol) 
gold connected wtth the zinc end, and charcoal, was a mix- 
ture of nearly two parts of oxigene and eleven parts of inflam- 
mable gas, which appeared to be partly light hidfocarbortate. 

: Ether, m the fame method of operating, gave four parts ofether ; 
oxigene and twelve parts of inflammable gas. 

From ftflphUric acid, oxigene and hidrogene were produced fulph. acid; 
very rapidly, (the oxigene being more than fufficient for the 
fattrration of the hidrogene by combuflion,) and the acid be- 
came Hue. 

The gas from nitric acid detonated with great violence by nitric ackL 
the eledric fpark, and the refiduum was oxigene, mixed With 
st little nitrogene. 

The proda 61 $ from the acids, there is every reafoh to be- 
lieve, were evolved chiefly in confequence of the decompofi- 
tlon of the water they contained. And, in operating upon 
thefe fubftances, as well as upon pure water, a portion of the 
elaflic fluids mud have been produced at the time of the filerit 
tranfmiffion of the electricity, during the momentary interrup- 
tions of contaCl. The apparent ignition of the charcoal in the Ignited of (be 
different fluids depended, probably, infome meafutfe, upon its^^dforT" 
being furrounded, at the moment of contact, by globules of 
gas, which prevented the heat, produced at the points of it, 
from being rapidly carried off by the fluid. 

When the fpark was taken by means of iron wires, in phof-Oat from fufcl 
phorus rendered fluid by heat, under a flratum of water, per- piM>fp k° ru,# 
manent gas was produced from it, but in a quantity too fmalt 
to be examined, after a procefs that continued an hour. I 
purpofe to repeat the experiment, with conductors of dry 
charcoal. 

IV. t 
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The large plates IV. When gold wires, connected with the ends of the bat- 
g^Tovid^ 0 " were mac * e to a & upon fluids in the common method of 
the condu&or’s communication, being placed at a diftance from each other, it 
power be good. was found that the rapidity of the evolution of the gafes was 
much more influenced by the conducting power of the fluid, 
than it is in common cafes with fmall plates. In comparing 
v the adtion of a battery of twenty plates, of five inches in dia- 
meter, upon fulphuric acid, nitric acid, and various faline fo- 
lutions, with that of the large battery, it was obferved, ii* 
feveral experiments, that the gas was difengaged much fafter, 
and in larger quantities, from the wires connected with the 
large plates, whilft the aCtion of the two arrangements upon 
water was nearly the fame. This faCt, combined with other 
faCts of the fame kind, feems to fhow, that the quantity of 
electricity excited in the arrangements with large furfaces, is 
much greater than that produced in thofe with (mail furfaces ; 
and that it is capable of pafling with facility through the more 
perfect conductors, whilft, from the nature of the feries, its cir- 
culation is impeded, comparatively to a great extent, by im- 
perfeCt conductors ; a conjecture that has been already formed 
by different philofophers. 

Attempt t» pro* V. As the great quantity of eleCtricity made to circulate 

dace change in through perfeCt conductors, by means of the large apparatus, 
muriatic gas, by . r m r • u Vif 

the galvanic ig- ^creates their affinity for oxigene more perhaps than any 

nition of char- known agent, and as charcoal by means of it can be rendered 
<0 *** white-hot, and kept in conffant combuftion in oxigene gas or 

atmofpherical air, I thought of trying the effects of the electri- 
cal ignition of this fubffance, upon muriatic acid gas confined 
over mercury. 

Experiment. The experiment was made by means of a fmall glafs tube *, 
containing a flip of platina hermetically fealed into it, and 
having a piece of charcoal attached to its lower extremity : 
the communication was effected by means of iron wires ; and 
the charcoal was made white-hot, by fucceflive contacts con- 
tinued for nearly two hours. At the end of this time, the mu- 
riatic acid gas had diminifhed a very little in volume : much 
white matter had formed upon the charcoal, which was not 
fenfibly confumed. When the gas was examined, of it were 
inflantly abforbed by water, and the remainder proved to be 


* For a defcription of this apparatus, fee p. 214. 


inflam- 
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inflammable. The procefs was repeated three times; and, Effedb; 
when the fpark was moll vivid, a white cloud was always per- 
ceived at the moment of its production, I am inclined to at- 
tribute this phenomenon, and the other phenomena, to the 
decompofition of the water held in folution in the gas, by the 
charcoal and the mercury adhering to it ; and the white mat- 
ter was probably muriate of mercury. The acid gafes are ra- 
pidly abforbed by charcoal; and this fubftance, when well 
made, will take up more than 30 times its volume of muriatic ^ * 
acid gas ; fo that, in the procefs of ignition, a part of the wa- 
ter and of the acid mufl have been aCted upon in a very con- 
denfed ftate. 

The want of fuccefs in this experiment, the refults of which very fimiUr to 
are very fimilar to thofe obtained by Mr. William Henry Heivywit^cem- 
in his trials with common electricity, prevented me from car-mon elearicity. 
rying on the procefs upon fluoric aerd gas, as I had at firfl j n -^ dccom P ofi * 
tended. Many of the compound gafes that are decompofable 
by heated charcoal, might probably, however, be analyfed in 
a very fimple manner, by means of the ignition of that fubftance 
by galvanic electricity ; and this mode of operating may be 
conveniently applied, for ascertaining the relations of the affi- 
nities of charcoal for the conflituent parts of compound gafes 
at very high temperatures. 


SCIENTIFIC NEWS , &c. 

NATIONAL INSTITUTE OF FRANCE. 

Prize propofed at the Public Sitting of the 15 Germinal , in the 
\0th Year. (April 5, 1802.) 

The general conditions are as ufual; namely, that the Condition*, 
name of the author fhall be concealed, and his rnnk diftin- 
guifhed by a fentence or device, which fhall alfo be written 
on a Sealed billet, containing his name and addrefs. The 
works are to be addrefled (carriage paid) to one of the Secre- 
taries of the Inftitute. Neither the treatifes, nor any draw- 

* Phil. Tranf. 1800, p. 188, or Philof. Journal, quarto, iv. 

209. 245. 
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ings or machines thus forwarded, will be reftored ; but the au* 
thors may take copies, amd may again receive their models or 
machines, upon fubftituting regular drawings in place of then!. 
The pommiffioner of the Funds of the Inftiiute wiil deliver 
the gold medal to the bearer of the Secretary's receipt, if 
given for the treatife, &c. ; but where no receipt exifis, the 
author rauft himfelf appear, qr fend his procuration. ' 

Subjeft of the Prize of Chemijhy. 

The dafsof mathematical and phyfical fciences having pro-* 
pofed in the year 8 the fallowing prize queftion, to be decided 
upon at the fitting above mentioned : 

Prlic queftion What are the characters tvhich dijlingui/h in vegetable and dni -» 
for- 7^/ matters thnfe tvhich ferve as ferments , frorfn thofe in tbhick 
they caufe or excite fermentation . 

^nd none of the memoirs having fulfilled the conditions" of* 
the program, the clafs propofes the fame fubjedt again for the 
year 12. 

The prize will be a gold medal, of the value of one kilo- 
gramme, which will be given at the fitting of the 15 Germi* 
nal of fhe year 12 (April S, 1804). 

Prize Quejl ions from the Batavian Society at Haarlem. 

Frlie queftionu The Batavian Society at Haarlem has publiflied a number of 
futijefls of prizes af their fitting of May t, 1802; among 
which are the following : 

Kefpe&ing ma- 1* “ How far it is known, from the lateft difcoveries in the 
aures. phyfiology of plants, in what manner the different manures 

on different foils are favourable to the vegetation of plants 5 
and what indications may we deduce from the knowledge re- 
quired on this fubjeft, to dheft our choice as to manures, and 
the fertilization of uncultivated and arid lands ?” 

This queftion is continued to the 1ft of Nov. 1802. 

— motion of the 2. “ What is the actual ftate of our knowledge refpe&ing 
the motion of the fap in trees and plants ? In what manner 
can we acquire a more complete knowledge refpe&ing the ob- 
fcure and doubtful parts of the fubje6t ? And is it polfible to 
deduce, by decifive experiments, fuch indication^ as may be 
ufeful for the cultivation of trees and plants ?” 

The Society has determined to repeat this queftion, to whidh 
anfwers are to be fent before November 1, 1803. 

3, “ The 
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5, “ The Society demands a theory, or phyiical explication, — . Ae afccot of 
which Ihall clearly and diffindly Ibow the caufes of the afcent 6n°kc* 
of fmoke in chiranies, or thofe which prevent its rifing, To- 
gether with rules, deduced from this theory, for the conduc- 
tion of chimnies, which fhall point out the circumftance? n.p- 
,ceffyry to be attended to in the feveral cafes to prevent fmoke 
from entering the apartments ?” 

This queftion is here again repeated, and the anfwer is de- 
manded before the lft of November, 1803, in order that the 
authors of memoirs may be enabled to correct them. 

4. “ What indigenous plants, hitherto not ufed, may, from — dying phiat*. 
well confirmed experiments, afford good colours, which may 

be prepared and ufed with profit i And what exotic plants 
may be cultivated with profit upon the lefs fertile or unculti- 
vated lands of the Republic, in order to the extradion of 
poloyrs i” 

The Society has determined to repeat this queftion, which 
is continued without limit of time. 

The queftions for the prefent year are the following : 

5, “What do we learn, from the latefi obfervations, re- — effedof<w> 
fpedjmg the influence of the oxigen of the atmofphere, whe^ lgcn oa co,ourv 
ther combined or not, together with the adion of light upon 

the changes of coloyr ? And what advantages may be derived 
from this knowledge 

The Spciety defires that it may be (hown cpncifely, and 
Wvth ptrecifiop, wfiat is well proved by obfervations or experi- 
ments, ip order that the a,dual ftate of the fcience with regard 
to this fubjed may he more readily apprehended, and greater ' 
advantages obtained in trade* or in the oth$r branches of 
economy,. 

The tprm of concurrence is November 1, 1803. 

“ What light has been thrown upon the manner in which — nourWhmeat 
plants acquire their nouri(tunent, in confequence of the difco- 0 * P lants * 
Veries refpeding the decompofition of water and atyiofpberic 
air ? And what deductions can be made from this knowledge 
for the improvement of ufeful vegetables ?” 

The term of concurrence is November 1, 1803. 

7. “ What fads are well proved with regard to the purifica- 
tion of corrupted water, and other impure fubffances, by char- 
coal ? How far is it poffible to explain this effed by the prin- 
ciples of phemiftry ? And what further advantages may be 

ihSftee derived 
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The term of concurrence is November I, 1803. 

The following queftions were propofed formerly, but the 
term of concurrence is fixed to the firft of November, 1803. 
phy fiology of thtf 1 . “ What light has the new chemiftry thrown upon the 

* * phyfiology of the human body ?" 

2. “ To what extent has this light been of ufe in rendering 
us better acquainted with the nature and caufes of certain dif- 
eafes ? And what ufeful confequences, more or lefs grounded 
on experience, may be thence deduced for improving the prac- 
tice of medicine 

* eme ^ e *l 3. “ To what extent has the new chemiftry been of ufe to 

afford precife notions concerning the adion of certain external 
and internal remedies long in ufe or lately recommended ? And 
what advantages may be obtained from a more exad know- 
ledge in this refped in the treatment of certain diforders ?” 
explanation*. As man y phflofophers have mixed hypothefes of flight 
foundation with the applications they have made of the prin- 
ciples of the new chemiftry to the fundions of the human body, 
which is no doubt very hurtful to the progrefs of fcience, which 
might be fo highly improved, if, according to the rule of Lavoi- 
fier, nothing were adopted either in chemiftry or the applica- 
tion of its principles, but what fhall be founded on decifive ex- 
periments ; the Society defires that thofe who fhall anfwer 
thefe queftions fhould precifely diftinguifh fads from hypothe- 
fes ; and that with regard to the latter, they fhould be merely 
pointed out, and their flight foundation briefly fhown. For the 
principal aim of the Society in thefe queftions, is to procure 
thofe who exercife the pradice of medicine and furgery in the 
Batavian Republic, and are not fufficiently acquainted with the 
progrefs of the new chemiftry and the application of its well 
eftablifhed principles to phyfiology, pathology, and theurapeu- 
tics, fuch memoirs as may eafily (how them what light the new 
chemiftry has in effed thrown upon thefe fciences ; and alfo 
thofe dodrines which, being of flight foundation, too haftily 
adopted, or in themfelves doubtful, are not entitled to con- 
fidence. 

Judgment will begiven feparately upon the memoirs refped- 
ing each of thefe queftions. They who propofe to anfwer 
more than one, are therefore requefted to do it feparately. 

The above were propofed in 1799. 

Philofophy of 4. “ What are the principles of the philofophy of fire, re- 
fire m the ma- (p e ^j n g produdion, the communication, and confinement 

of 
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of heat, which are neceflary to be known in order to form a 
right judgment of the methods of ufing combuftibles ; and how 
can we, according to thefe principles, ^improve the fires for 
warming apartments and ftbves for kitchen ufe, in order to 
fave as much as poffible the combuftibles in ufe in this 
country ?” 

The above was propofed in 1801. 

5, “ What is actually known refpeCting the caufes of the 
corruption of ftagnant water, and is it poflible to deduce from 
what is known or may be proved by decifive experiments, 
what are the moft effectual and fafe means to prevent the cor- 
ruption of ftagnant waters ?" 

Prepared in 1801. 

The prize for each queftion is a gold medal of thirty ducat*. a medal 
The memoirs may be written in Dutch, French, or German; 3 oductt8# 

but only in Italic characters. They muft be accompanied 
with a l'ealed billet, containing the name and addrefs of the 
writer, and fent to M. Van Marum, Secretary of the Society. 

The Batavian Society has propofed as one of the prized fub- Fermentation. 
jeCts to be decided on the 1 ft of May 1 802, the following quef- 
tion : “ What do we learn from the lateft difcoveries in che- 
miftry refpeCting the nature of fermentation,* and what advan- 
tages may refult with regard to certain trades in which fermen- 
tative matters are ufed?” It was not thought fit to adjudge the 
prize ; but without opening a new concurrence, the Society has 
engaged the author of a memoir, of which the device is. Tout 
eft important dans les vo'ies de la nature , to fupport his theory 
upon more decifive experiments, and to extend its application 
to a greater number of manufactories ; with promife of the 
crown if he (hall accomplifh his purpofe before the end of 1803 
or 1B04. 


nagement of 
combuftibles* 

dCC. 


ftagnant water. 


Sixth Defeat of Garnerin with his Parachute. 

Pn the 21ft of September 1802, at feventeen minutes paft Account of G«r- 
five in the evening, the aeronaut Garnerin fent off from the by 
Parade in North Audley Street, an exploring balloon, which 
took a north-eaft direction until it attained a very confiderable 
elevation, and loon difappeared. At fifty-eight minutes after 
five the great balloon itfelf afeended with the parachute de- 
pending, and beneath it the cylindrical balket in which Gar- 
Jierin himfelf ftood and repeatedly waved his flag. Its flow 

afeent 
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fcfcent in the calmnefs of a beautiful evening, with the fixed ftn4 
ftill attention of the inhabitants of a great metropolis, to the 
amount of many hundreds of thoufands, produced a Angular 
and very impreflive effed on the mind. This paufeof expec- 
tation which lafted nine minutes. and a quarter, and carried the 
aeronaut fo high as not to be perfonally diftinguilhed, was fudf 
denly terminated by the Reparation of the parachute from the 
* balloon. It fud denly defcended for near a fecond, and then ex- 
panded. The balloon proceeded immediately to the fouth, 
and was found the next day in Kent, about twelve miles out 
of town. Admiration and furprize now engaged the minds of 
all the Ipedators ; which foon gave place to a marked fenti- 
ment of terror from the extreme vibrations of the apparatus. 
The defcent appeared flow and regular, but its vibrations (per- 
formed in about fix feconds each) were fo violent as frequently 
to carry the balket nearly as high as the level of the parachute 
ilfelf, which collapfed at its lower edge every time, fo as to be 
nearly half clofed, and opened again when it refumed its pei>- 
pendicular fituation. However firm the confidence of this 
daring adventurer may have been in the truth of his combina- 
tions, he mud have have found himfelf in a fituation requiring 
the exertions of all his courage. He defcended in fafety in ^ 
field near Pancras, having been very nearly fix minutes in hip 
defcent. He feemed to have been upwards of a mile high, of 
probably about fix thou fend feet ; and on this fuppofition hp 
Velocity of hif fell at the rate of fixteen feet in a fecond. This is the velocity 
that would have been produced by jumping from the height of 
aboat foyr feet, and ipuft therefore have been very fafe. 
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ARTICLE I. 

Letter from Thomas Young, M. D, F. R. S. In Reply to 
. Mr. Gough's Letter, at Page 3 6 of the prcfetU Volume . On • 
the Phenomena of Sound. 

To Mr. NICHOLSON.. 

SIR, : 

I AM not certain that any anfwer, that lean make to Mr. Further difeufc 
Gough's reply to my letter, will add very materially tothe 
elucidation of the fubjedt in dtfpute ; a part of my object is 
already attained, for Mr, Gough feeras to be no longer dif- 
pofed to contend for Dr. Smith's infallibility, and he appears to 
have formed in fome meafure a more complete idea of my ori- 
ginal opinions, while he imagines that I have introduced fome 
new modifications of them. I cannot however avoid remark- But Mr. Gough 
ing, that Mr. Gough has wholly omitted to notice the funda- hianot notice^ 
mental fadt, which I ftated as affording the moll fatisfadtory of 
all proofs of the coalefcence of founds ; that is, the produdliort ^hc httu 
of a faint, but very audible, graver found from the union of tvfro 
acuter ones, a phenomenon fo well know to muficians, that I 
£an fcarcely fuppofe a perfon, who is ignorant of it, property 
/ Vote UL^Nqvbmbsb# 1?92. L qualified 
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qualified to difcufs the fubjedt of harmonics ; and fo important 
With regard to the queftion at'prefent in difpute, that I can 
fcarcely conceive how a perfon, acquainted with it, can omit 
to endeavour to reconcile it with his opinions, efpecially when 
The grave har- challenged by his.opponentto take k into copfi deration. Here 
mixture, but** * s a P roc ludtof combination which pofleffes' properties totally 
compound. different from thofe of its conftit'uent parts ; its pitch is always 
much lower, its quality of tone is perfedtly Angular, and the 
heifer is fometimes alraofl: inclined to imagine dtp dpedttopto 
he different from thabof “the origmal founds ; a“ efrfciftnftarice 
which he fometimes exprefles by faying, that the found “ rings 
in his ears.” Mr. Gough cannot controvert this fiadfc by any 
reafoning : if he can -perfoade me that fueh a found is a mix- 
ture and not a compound by partial coalefcence, we {hall then 
be nearly of the dime opinion. - - 

Illuftration from Will Mr. Gough deny, that when a fnrrttll pendulum is fuf- 
25um° Und Pen " pended to the heavy weight of a larger one, k» motion is com- 
pounded of larger and fmaller vibrations ? Or will he infift that 
the refult is a mixed motion, and not a compound one ? The 
eye certainly follows each vibration feparately, although the 
Vibrations may be fo proportioned that a joint order and fb- 
qufence may be obferveef, which may produce effeifts peculiar 
to the ‘combination, and difcoverable in neither of the original 
motions. The comparifon appears to me to be perfectly ap- 
* pofite, and if Mr. Gough allows it, 1 can fcarcely imagine 

what caufe there is left for further controverfy. 

I beg leave once more to recommend the grave harmonics 
to Mr. Gough’s notice, and to introat ihimito iufporki any fur- 
ther reply to my remarks until he has made hitnfelf thorough!/ 
acquainted with thefointerefting phenoraOria. ‘ ! > 

’ I am. Sir, • * 

, Your faithful hunible, fervant, j 

? , ..... . < • THOMAS YQU&C^ 

- R<yai jltfijiutwB, 

pS: ' P#' W, 

. . t /# i > ■ ' • ' • • 

•» * 1 .* ■ t " ■ ■ * 


L-/:-:. . . v. ■ • • - ■ ■ - K. k)n 
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, , II. , .. M ; t 

.. .it: 

On the Galvanic Lffedt of very minute Particles of Zinc and popper 
in Water . In a Letter from Mr* Willi am Wilson. (i] 

to Mr. NICHOLSON. / ' . 

S I Ri London , OBober 1 1 , C 1 SO^. 

1 WAS lately grinding fomefmaU.pitf^ofcoi^ Copper and zim 

plates of zinc (with fine emery), and after having wafhed them 
In a cup of wafer to cleanfe them, I left them about five hours. The mud after 
When I returned I found the water in the cup covered with a fu J> fidencc cmit * 
dirtyfroth; ahd Upon taking up the cup to examine it, the agi- 
tation caufed innumerable bubbles 4 a£airlo rife fr om the- fedi- 
ment at the bottom of the water. By continuing to agitate the and at remote 
water for feveral minutes, thbyl decreafed in quantity, and at intcnrals - 
laft difappeared. I now left it about four or five hours, and 
ihen examined it again, when the bdbftfes 'ivere nedrly as co- 
pious as ever, and, with nearly the fkme tjuAntity o'f agitation, 

Wgain cCafedto beprOduced. ' 1 1 ; 5 * * ‘ 

I examined this 'water every four or five hdurs'fbr ’five days. The effea Uftci 
and the appearance was the fame, though weaker and weaker. fivc da y s * 

After the fifth day I could not find that any bubbles were 
generated 5 J therefore (fuppofing this appearance to be occa- Copper and zinc 
Honed by the particles of copper and zinc forming a kind -of JjJkjJP WC! * 
galvanic feries) took equal quantities of filings of copper and > f 
izinc and pat them into a gla& of water, and ftiireddtJabcut'to ’ 
mix them as much as poflible. In abooft three hours hftdr wards 
there were feme bubbles of air adhering to the filings, ■' which 
iby agitation rofe : to the top of the water ; and the faitifc phfcno- with fUi fanr 
menon was repeatedly exhibited. In fhort thefe metallic puiv 
itides adted pwecifely fimilar to the former, with only *hJs*ditfer- - • r* 
amce : It required mood violent agitation^ Etfjflaidtton of' 

larger, . and the "property difappeared imuph tfeoAer, * for 
were no bubbles generated after fcbethhd ddy.. c f lTb& differ- 
ence I fuppofed to be owing to the difference in thefize of the 
particles xrfifbe fnctals ; for in the tfnft -dffe the p&rtickfe, by 
♦eafen of (their frmdlnefs, would forma more numerous feries 
and extenfrve ftirfece of contatt, thari ^he filings Cbuld rn'the 

latter. 

1 . L 2 Laftl y. 
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The impalpable Laftly, I repeated the firft experiment by wafhing fome 
powder of the emery very fine, and (lightly ground with it a plate of zinc on 
another of copper, and then wafhed them in a glafs of clear 
water. It was feveral hours before the fediment had all fallen 
to the bottom of the glafs ; but when it had, it a&ed nearly 
with the fame power as in the firft cafe, and continued to a& 
quite as long *. 

If, Sir, you fhould judge the above account worthy of a 
place in your Philofophical Journal, I (hall conhder myfelf 
very much obliged by its infertion; 

I am. Sir, 

Your obedient humble fervant, 

^ Wm. WILSON. 


III. 

On the Colours obtained frojn Metallic Oxides , and fixed by 
Means of Fufum on . different Vitreous Bodies . . By Alex. 
Brongniart, Director of the National Mamfa&oiy qf 
Porcelain at Sevres, Engineer of Mines, Ac. 


( Concluded from Page 101 .) 


Concerning the Red, Rqfe, and Brown Colours obtained from Ir&tt. 

Red colour* from TL HESE colours are made from red oxidated iron prepared 
the oxide of iron. n £trio acid. The oxides are calcined ft ill. more by expoftng 

them to the adiion of fire. ’ If too much headed,! they change to 
a brown. 

CttBpofitfon* Their flux is compofed of borax, (and, and minium in fmall 
quantity. 

They may he Thefe are the oxides which afford the rofe and red colours 
Isbftjtuted for (hat may be fubftituted inftead of the fame colours made from, 
dioxide of gold. 0 ^^ of g 0 Ld. If properly applied on hard porcelain, they 
never change. I have made rofes with thefe colodrs, and there 


• Thefe galvanic fads appear to conftitute one of the cafes detail- 
ed with larger pjeces of metal, and obfcurcly explained by Fahbroni, 
in his curious paper in the Piilof. Journal, quarto ferics, IV* 120. 
— W. N. 

was 
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Was no difference between the ffower before and after the 
baking, except that brilliancy which colours naturally receive 
byfufion. 

The colours may either be previoufly fufed or not at plea* 
fare. 

In a violent fire they either partly difappear, or produce a dull ^ 

and brick-duft red colour, which is not at all agreeable. 

Their compofition is the fame either for tender porcelain orTtejra** good 
for glafs. They do not change on the latter, but on the for* p 0r ce j a ^ l ^ 
iner they almoft intirely difappear by the firft fire, and they 
muff be laid on very heavily in order to have any part vifible. 

It is to the prefence of lead in their glaze that this fingular^ 
effect muft be attributed. I have afcertained this by a very i at £ r . 
fimple experiment. I placed this colour on window-glafs and 
fired it very ftrongly, and it did not change. 

I then covered fome parts of it with minium, and again ex- Experiments $ 
pofed it to the fire. The colour totally difappeared in thofe 
places where the red oxide of lead had been applied. 

When I performed this operation on a larger fcale in clofed 
veflels, a large quantity of oxigen gas was difengaged. 

. This observation I think clearly proves the effedt of oxided 
lead as a difcolourer of glafs : we fee that it does not operate, "fan ■ 
as has been fuppofed, by burning combuftible impurities in the 
glafs, but by diffolving, difcolouring, or volatilizing the oxide of 
iron which may affelt its ciearnefs. 


Concerning the Yellow , ^ . 

Yellows are colours that require much precaution in fabricat- Yellows ar* 
iiig, on account of the lead they contain ; which fometimes, 
by approaching to the metallic ftate, produces black fpots. and antimony ; 

The yellows of hard and tender porcelain are the fame. 

They are compofed of oxide of lead, white oxide of antimony, 
and fand* 

Oxide of tin is fometiipes added ; and when it is required and (bmetimtr 
very lively and refembling the colour of the marigold, red ox- t,n * 
ide of iron is added, the very deep colour of which difappears 
during the previous fufion they undergo, on account of the 
lead contained in this yellow. When thefe colours are once They are nqt 
made, they do not change ; they difappear almoft intirely in cllln * eab ^ # 

(lie porcelain fire, 

Theft 
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Not applicable to ;ThQfe yellows canAot-bevtippll^d to glafs, they ate opaque* 
€,afi * and muddy. That employed by the ancient painters on glafsi 

is, on the contrary, beautifully tranfparent, very brilliant* and! 
-r ofja colour aipproadfing to gold. The pFOGed^S;tbey. give in- 

dicate that it contained a mixture of filver ; but when exa&ly' 
followed, , they afford nothing; fatUfa&ory . , Citizen MoraUd, 
beauty to the 'whom I have* before quoted, has fucqeeded: in making; it i as; 
anqcau beautiffcl as that of the ancient painters; on -by employ Ing 

muriate of filver, oxide of z’rne, white elay> andi the yellow) 
oxide of iron, Thefe colours are applied to; the glafs fimplyj 
• gfOttud, and without flux. The oxideof inqngives the yellow; 

* r ; ; r- noaidyf the fame tinge as it ought to have after the baking* and 
J ; contributes, with the clay and oxide of zinc, >to decompose the * 
muriate of fifver without difoxidating thp filver it felf. A pow^r 
_ der remains after baking which does? not .penetrate the glafs, 4 
fcmhroay^be e&fily cleared, off, It* . - ■ * - ■; < ; 

.This .yellow, when employed; ia greater quantity * afford*; 
deeper (hades, and produces, a redd iih- yeEow-. 

* ; \ * . , ; , , , 

, Concerning the Blues . ^ 

Blues from cobalt Thefe are known to be. obtained, from the oxide of cobalt. 

buTcare n ° thinS Their preparation is known :to every chemiil. Theifuperiotityi 
af S&vres, fo j uftly reputed for the beauty of its blues, is owing, 
merely to thecaFe taken in its fabrication, and to thei quality of. 
the porcelain, which appears more proper to. receive it-on acr> 
count of the violent fire it can fupport. 

Oxi^e-of cobalt I have obferved one fatt refpefting the oxide of cobalt, 
js volatile. which is pferbaps not known to, cheunfifc : -It is volatile in/ a 
' violent heat ; to this property muff be attributed the bluhki 
, tint which th^ white (bordering upon. the blue).al ways receives.: 

I purpofely put into’ the fame cafe a white piece next to a blae ; 
the fide of the white piece that was turnted towards the blu6,J 
became very blui fh. i 

Bluf-giauate# The Wue of hard porcelain, prepared for what, is called a 
" blue ground by firong fire, is fufed with feldifpar : the folvemb 
for tender porcelain is (ilex, potafh, and lead 1 ; it is not volai- 
tilled; like the preceding*, becaufe therfine is much inferior to> 
. , „ thafcof the hard porcelain* . , ■ * . * 

1 - Thefe colours being pt^vioufiy: fufed, do not in the. leaJft 
change when applied. 

Blue for glafs. v> Tli£ blues on glafs are the fame as for lender porcelain. 

Concerning 


cobalt 
is volatile. 


Blu|‘g|$mi& 


Blue for glafs. 
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CO^OUivS OBTAINED FROM METALLIC OXIDES, J5| 

Concerning Greens . 

The greens employed in painting are made with the green Grccnij from 
okkte of copper, or fometimes with a mixture of yellow and co ^ perf 
blue. They muft be previoufly melted with their flux ; with- 
out this precaution they would become black ; but they do not 
change after the firft fufion. 

*'• They muft not be treated with a violent fire, or they would not very fixed, 
tptafly disappear. The green grounds by ftrong heat are made 
with die oxides of cobalt and nickel, but it is only a brownifh 
green. 

The bluifh greens named fky-blue, formerly a colour very Blue-green, 
much i» efteem, can only be ufed on tender porcelain ; they 
always fettle off from hard porcelain, becaufe there ispotafh in 
tb€ir competition. 

Thefe greens cannot be ufed on glafs, becatife they afford a Thefe greens da 
dirty colour : It is neceffary to put a yellow On one fide and a not work well on 
more or left pale blue on the other, in order to produce a green. 

This colour may like wife be fabricated by mixing a' blue widi Blues for gtifi. 
the yellow oxide of iron. I hope t6 obtain a green! from the 
Oxide ofchrPme^’ and the experiments I have made Jptomife to ~ ‘ 

be attended with fucceft. The pure chromate of lead,* fixed 
cm porcelain by mfeans ; of a ftrong fire, has already 'affbrefed me 
a very cfeep and Very fixed blue of confiderable beauty! 


Concerning Bifires and Brown Reds. , 

Thefe are obtained by mixtures of different .proportions of Brown reds froi* 
brown oxide of copper, and the oxide of iron called oxid - % 

umber. They ate like wife previoufly fufed with their folventej 
ft> tfi&t they do not in the leaft change on tender porcelain j 
lead np t haying the. fame action pri the oxide of maaiganiefe as 
it has on that of. ifcon «. I am . convinced of this by an experir 
Went titular tq that I have already 'related. 

This colour maybe employed very wel| on glaft. gjafe 6 **** 

The brown red grounds by ftrong .heat, known .by tbg naihe Ground*, 
of fonds caille K are made in the fame manner. Feld-fpar is 
their flux. There is no titanium in their compofition, though 
generally aflerted in books. Titanium was not known at Sevres 
when I firft came to that raamfta&ory. I have treated this 
fingalajr mcfel in various ways, and I never obtained any 
grounds but a flight obfeure yellow, and very uncertain in its 
quality. 

Concerning 
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'Blacks; | 


Oxides for com- 
pofing black. 

Fine black at 
Sevres, 

forglafs. 

Mixtures of co- 
lour. 

JLecapltula(lon« 


Unchangeable 

fpecimtas. 


Concerning the Blacks. 

Black colours are the mod difficult to be obtained very beau* 
tiful. There is no metallic oxide that 4|ngly affords a fine 
black. Manganefe gives the beft. Iron an opaque* dull, 
bliftered black, which eafily turns to red ; the makers of co* 
lours have therefore combined feveral metallic oxides which 
fingly do not afford blacks, and they have obtained a very 
beautiful colour, but it is fubjeft to fcale and become dull. 

Thefe oxides are thofe of manganefe, the brown oxides of 
copper, and a little of that of cobalt. Grey is obtained by 
fuppreffing the copper and increafing the Quantity of flux. 

The Sevres manufactory is the only one which has as yet 
produced beautiful blacks with a ftrong fire. This is more 
owing to the quality of the bifcuit than to any peculiarity of 
procefs. It is by a mixture of blue with the oxides of manga- 
nefe and iron, that they make this very brilliant black. 

The blacks for opaque glaffes are made the fame as for paint- 
ing, by giving different dofes of folvent. 

I have (hewn the principles of fabricating each principal co- 
lour : it is clear that by mixing thefe colours together, all pof- 
ftble (hades may be obtained : and alfo, that care in the prepa- 
ration, choice of materials, apd juft proportions of dofes, muft 
exhibit very fenfible differences to the experienced eye of a 
painter. A knowledge of the competition of colours doe$ not 
give the requifite care and neatnefs in making them up. 

On recapitulating the fadls I have juft dated, in order to 
prefent them in a general view, we f ee,Jirft, that amongft the 
colours ufually employed for hard porcelain, one only is fuf- 
ceptible of change $ namely, the carmine ; and this may be 
replaced by the reds of iron, and then no colour changes. 

I have prefen ted to the Inftitute an unbaked head made in 
this manner, and a painting of two rofes, the one baked, tho 
other in its firft date. There was not any difference between 
them. 

Secondly, That amongft the colours of foft porcelain and 
enamel feveral change confiderably, particularly the reds of 
Iron and gold with the yellows, greens, and browns. None 
have been fubftituted inftead of them, this fpecies qf painting 
being almoft abandoned, 

z Thirdly, 
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' Thirdly , That fevera! of thefe colours change likewife upon 
the glafs by becoming perfectly tranfparent, particularly the 
yellows and violets. 

; Fourthly , That neither an additional calcination, nor a pre- 
vious fufion, as has been fufpe&ed, will prevent them from 
changing. For this method alters the colours that change* 
and does nothing to the reft. The change which feveral co- 
lours undergo on tender porcelain and on glafs, does not 
therefore relate to the nature of their compofition, but rather 
to that of the body on which they are placed. 

Confequently by fuppreffing the carmine of gold from the 
colours of hard porcelain, we (hall have a feries of unchange- 
able colours, which would be abfolutely fimilar to thofe pre- 
sented to the Inftitute in the year 6 *. 


iv. 

Experiments and Ohfervations on certain Jlony and metalline 
Subftances, which at different Times are /aid to hate fallen 
on the Earth; aljo on various Kinds of native Iron. By 
Edward Howard, Efq . F. R. S. From the Philofophical 
TranfaSlions, 1802. 

( Concluded from Page 101.^ 

Defcription of various Kinds of native Iron . By the Count dc 
Bournon. 

ThE great number of particles of iron, in a perfectly me* Remarks on the 
tallic ftale, contained in the ftone from Bohemia, and the faid ma ? nc r inw h>ch 
particles being fo near each other, naturally lead to fome re- hav* bee* 1 
fle&ions refpe6ting the exiftence of native iron, which, by formed* 
many mineralogifts, is ftill confidered as problematical. Let 
us fuppofe for a moment, that thefe particles of iron were to 

* The preparation of colours for lively grounds by ftrong fire is 
lender the care of Cit. Chanon, and that of the colours for painting 
to Cit. Meraud already quoted. It is to their care and intelligence 
ip this chemical art, that the manufa&ure of Slvres is indebted for 
the prefervation of its beautiful colours, which they have very much 
Varied apd improved.— 

approach 
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^pproapr}v.AiJl mora nearly to each other, fo as abfohitdy to 
come into contad, and in that manner to form akind of chain, 
folded upon itfelf in the interior part of the fubftance, an<J 
leaving- a great number of cavities, between the links of the 
9 ( b^» fo|ded* 7 Let us then, fuppofe, that the , earthy fujb- 
fiance with which * tljefe cavities are filled, beings very porous, 
and having fyufc a fmail degree of contiftence, fhoiftd (as may 
h^pp^O hy a variety of caufips) be deflroye^i. It is plain, that 
if .fuch a deftrudion were to take place, the iron alone would 
remain ; and, being thus left bare, it wquld appear in the 
form of a waft, more or lefsconfiderable, of a cellular texture, 
and as it were ramified ; fuch a for,cn> hi fliort, as that 
which moft of the native irons w.e arc acquainted with haye 
been found. May it nof be fair to attribute to fuch an origin* 
the native iron found in Bohemia, a fpecimen of which was 
p y e fente^ byflfe Academy of Frey berg to Bafon-Born, and 
which came, with the reft of his colledion, into the hands of 
Mr. Greville ? May not fuch alfo, notwithftanding the enor- 
mity of its, bulk, be the origin of the mafs of native iron found 
in Siberia, near Mount Kemirs* by the celebrated Pallas ? . 
The ftones exa- We have already feen, in the refults of the analyfes njade 
mined by Mr. ^ Mr. Howard, of the various ftones above defcribed, that 
tained nickel, he conftantly found a certain proportion of nickel mixed with 
the iron they contained. This circumftance recals to our no- 
tice the obferyatiohs that were made by Mt*. Prouft, Come time 
ago, refpecling the mixture of nickel, in the native iron of 
and fo do the South America ; and tends to give fome additional fuppOrt to 
S. American the 0 pj n i 0n hinted at in the foregoing paragraph. 

The circumftances juft mentioned, naturally gave to Mr; 

' ' Howard, as ’Well as to me, a defire to know whether the 

native iron from Siberia, and that from Bohemia, were alfo 
mixed with nickel. Mr. Howard, confeqiiently, loft no time 
- in proceeding upon this important inveftigation. The native 
iron of Siberia prefects fome very interefting peculiarities, 
and has often been referred to, but has not yet been properly 
defcribed ; . it is . therefore with, great pleafure that I add the 
follow ing defcriptibn of it, and of fome other kinds of native 
iron, to the defpription. I haye already given of the various, 
ftones faid to have: fallen on the. ear th w, ^ 

The Siberian i l feel the greater farisfadion in doing this, a* the noble coK 
native iron ; ledion of Mr. (jreville contains two fpeciajfcm of this iron,, in 
r - . - perfed 


Digitized by Google 


f - - FAlLJESf O** T»8 frART Hp - • - • -> 15 $ 

psrfo& condition ; one of, which weighs feveral pounds/ and- 

was fent to Mr. Greville by Mr. Pallas himfelf : on this ac- 
count, therefore, I enjoy an advantage that many of the au- 
thors who have fpoken of this iron probably wanted. ^ 

One of thefe pieces has a cellular and ramified texture, ana-defcrib-d, celJu- 1 

Joyous to that of fome very porous and light volcanic fcoria Har? and mixed ' 

” -■ * ** with 3 ypilowi fi| 

this is the ulual texture of the fpecimens of this kind of iron, green tranfpa- 

which are preferved in the various mineralogical collections in/cnt matter* 
Europe. When it is attentively examined, there may be per-- 
ceived in it, not only empty cells, but alio impreflions or ca- 
vities, of greater or left depth, and fometimes perfectly round, 
which appear evidently to be the refult of the compreflion of 
hard' bodies, which were fituated there, and which, wiien * 

they came away, left the fur face flf thefe cavities quite fmooth, • 

aaid having the luftre of polifhecl metal. Here and there, in 
fome of thefe cavities, there remains a tranfparent fubltanee, 
of a yellowifh green colour, of which I ihall treat more parti- 
cularly, when 1 come to the description of the fecond of the- 
fpecimens above mentioned. It is very clear, that the cavi- 
ties here fpoken of owe their exiftence to this tranfparent 
fubftance ; and that the polifli of the cavities arifes merely 
from the compreflion of the laid fubltance. and is the natural 
confequence of its (urface having been in perfect contact with 
thal of the iron. 

This iron is very malleable : it may be eafily cut with a This iron very ♦ 
knife ; and may be as eafily flattened or extended by means maIleab,e ‘ i 
of a hammer. Its fpecific gravity k*64&7 ; wliich, however-, 
is very much under that of iron which has been merely melted, t 
and has not been forged. The fpecific. gravity of the native 
iron of Bohemia, which is nearly as malleable and as eafy to 
be cut, is ftill lefs : I found it not to exceed 614-6. This low 
degree of gravity, appears to be owing partly to the oxidizo- 
ment of the furface of the iron, and partly to there being, in 
the interior part of its fubflance, a number of fmall cavities, 
which are often rendered viflble by fracture, and which have 
their furfaces alfo oxidized. The fracture of this iron, pre-Its FAt&brt is f 
fents the fame lhining and fllvery white colour as the common wh!tc> 
call iron,, known by the name of white call non g but it> grain 
is much fmoother and finer : it is alfq much more malleable • ' 

when cold. Bergman fays that this , iron is brittle, when 
heated to a red heat. I have frequently tried it ii\ that ftate, but it is not 

and re< * ^ ort * 
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and have confrantly found it to be malleable. The tame fe~ 
marie may be applied to the native iron from South America $ 
and alfo to that from Senegal. 

Another fpecl* The fecond of the two fpecimens mentioned above* and 
which weighs feveral pounds, prefents an afpeCt that differs, 
in fome refpects, from that of the preceding fpecimen. The 
raoft confiderable part of it forms a folid compact mafs, in 
which there is not to be perceived the fmatleft appearance of 
pores or cavities ; blit there arifes upon its furface, a kind of 
ramified or cellular part, fimilar, in every refpeCl, to the fpe- 
cimen already defcribed, and every where completely con- 
nected with the fubftance of the mafs itfelf. 
oon fitting of iron If the compact part of this piece is examined with attention, 
tran^TrenTmau be perceived, that it is not entirely compofed of iron 
ter, which fills in the metallic ftate, but that it is mixed with nearly an equal 
Its cavities. quantity of the tranfparent fubftance of a yellowith green co- 
lour, (fometimes alfo of a greenifti yellow,) already fpoken of 
in the defcription of the other fpecimen. This fubftance is 
mixed with the iron, in fuch a manner, that if the whole of 
the former could be removed, the remaining part would con- 
lift merely of iron in the metallic date, and would prefent the 
fame cellular appearance as the preceding fpecimen, and thd 
ramified or cellular part of the fpecimen now defcribed. 

The green ftony This ftony part, feparated from the iron, appears in the 
putjopkiliks £ orm generally of an irregular (hape, but; 

fometimes nearly globular : they have a perfe&ly fmooth and 
ihining furface, fo as very often to prefent the appearance of 
fmall balls of glafs ; a circumftance that has led many perfons 
to fuppofe them the refult of a real vitrification. Some of 
thefe nodules have feveral irregular facets, produced by the 
eompreffion of the iron in which they were inclofed ; but I 
have never obferved in them, any appearances that could lead 
me to fufpecl they had the flighted tendency whatever to at* 
fume a determined cryftalline form. 

is always tranf- This fubftance is always more or left tranfparent. It is 
glaft 1 * botnet Efficiently hard to cut glafs j but has no effeCl upon quartz, 
quarts 5 frac- It is very brittle : its fra&ure is ufually conchoid ; but I could 
not P erce ' ve ** broke in any particular direction, in fucli 
don; 7 away that I could confider the fraCture as a natural one. It 
becomes electric by friction. Its fpecific gravity is from $263 
to 3300. It is very refractory : I kept it, for fome time, ex* 

pofe4 
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jfrofed to a degree of heat Efficiently ftrong to oxidize, to A 
confiderable depth, the iron crucible in tohich it was placed, not fufibleiaaa 

without its having undergone any alteration, except that of lron vc e ' 
having acquired a greater degree of intenfity in its colour. Itfc 
tranfparency was not at all diminiflied. I think, therefore, 
there is not the finalleft reafon to allow any probability to the 
opinion that it ought to be confidered as a kind of glafs. 

Of all fubftances hitherto known, that with which it feems it refembles the 
to have the greateft analogy, is the peridot, (the chryfolite ofP^ 0 ** 
Werner,) to which fome mineralogies have referred it. The 
refult of Mr. Howard’s analyfis of it, is nearly the fame as that 
of the analyfis of the peridot, made by Mr. Klaproth. 

The hardnefsand infufibility of this fubfiance are nearly the in hardnefs an! 
fame as thole of the peridot ; but it feems to have a rather 
degree of fpecific gravity : that of tw r o very perfect cryfials of 
peridot, I found to be from 3340 to 3375. The eryftalline 
forms of the fubfiance here defcribed, if ever we fhould be 
able to determine them, would clear up our doubts refpeding 
the analogy between the two fubfiances. If we confider th£ 
com pad part of the fpecimen now treated of, particularly the 
ftrong connedion that appears to exift between the iron and It is curious that 
the tranfparent fubfiance, and the great reiiftance we expe- bade-^ 

rience when we attempt to feparate them, we cannot help weather $ 
being furprifed, that almoft all the fpecimens of this mafs of 
metallic iron that have been brought to Europe, are in the 
cellular fiate already defcribed, owing apparently to the total, 
or almoft total, deftrudion of the tranfparent fubfiance. But, 
befides the fragility of this fubfiance, the fpecimen in queftion 
helps very much to explain the above cirumftance, inafmuch 
as many of the nodules of the tranfparent fubfiance belonging 
to it, are in a fiate of real decompofition. In that fiate, they 
are changed into a white opaque fubfiance, which, upon being 
lightly prefled or fqueezed between the fingers, crumbles into 
a gritty dry powder. This decompofition may be obferved to but it undoubt- 
have taken place in various degrees : in many of the nodules, €<J, y is 
the fubfiance is merely become friable, without being much 
altered in its appearance ; whereas, fome of thofe which are 
in a fiate of complete decompofition, are of an ochreous red- 
difli yellow colour ; it is, however, eafy to diftinguifli that this 
colour does not belong to them, but is owing only to the oxi- 
idizeraent of the adjacent particles of iron. 

From, 


Digitized by v^.ooQle 



1158 ON S^ONff' HttEAMrfW. SUBSTANCE* 

This fa£tex- , JFrom the^boveobfervatipDs, it *$1 not’be dipouUjtd qGiv 
^re” ornatfve 0 " c ^ ve P°$biHty of the total, or nearly total, deft ruction of 
iron,*&c. *h e tranfparent lubftance ; ^nd alfo, the appearance the 

iron muft naturally prefent, when deprived of it. I cannot 
he(p obferving like wife, that there spears toexift a very hv 
lereftjng analogy, between thefo transparent nodoles and the 
globules I defcribed as making part of the ftones faid to hav^ 
j , ... foHeii on the earth. This analogy,, though not .a very ftrong 

M 1 *’ ope, may lpad'UR to fqppofe'tha* the two fubft&nces arefipHiaf 
4P' {heir nature, but that the globules are lefs pure, and con- 
greater quantity pf iron. ; ’ . ' i 

The Bohemian The native iron from .Bohemia is acompa&mafs* fimilar (v 
!iic«ri>cSefetn*: com pad part of the la^ge fpecimen of iron from; Siberia, 

bles tlfe t&lbe-i * wl)ich has juft been defcribed : like that,,a)fo, jt contains '* 
nan* jppinber of globular bodies or *nodules ; ; but they are net in 

fiftehagreat proportion <as in die Siberian iron. They are 
iidep perfediy opaque,, and very much referable themofteemr 
of -the globules belonging to the ftones 4aid to have* fallen 
partb. , * ... j 


* ; - * \ 4 1 ... * • . . ’ i . : ; ' *-» "i \ * 

EXAMINATION OF THE IRON FROM S0HTH f 

M ; c • 1 * f • AMERICA, , i 

S. Amexican iron I’ha^e already obferved, that my experiments ‘coincided 
contains io per Wittf'thofe of Mr. Prouft. He dbtained 50 grains of TiilphaCt 
cent.o me e . ^ n f c k^ f rom jqo of this mafs. The pfrocefs I hdve fo fre- 
quently mentioned, yielded me 80 grains of oxide of iron from 
t>L v oflhe metall ; which indicates about 7 \ of nickel, or aCboiA 
W percent. ' ' ?< ’' 1 

- * EXAMINATION OF THE ’SIBERIAN IRON. ' 

Siberian iron 17 ^ 100 grains of this iron, gave 127 of oxide of iron : hppce^ 
per cent. &c. ft (ho u Id contain about 17 per cent, of nickel. . 1 

'the yellow* W- ^he yellow fubftance belonging to this iron, was analyze^ 
ter, in the fame way as the globular bodies, and the earthy parts, 

of the Rone from Benares. 

The proportions, refulting from the analyfis of 50 grains, 
and from fome previous experiments on other particles. 
Were, 

Silica 
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Magnefra ' *' i!i - “* - - " 13\ ’. 4 

Oxide of rron 1 - ’ r * ' - * - #§ 

Oxide of nickel : * * - *' - ‘ *f J 

l , ) t % 1t . * *i ' \ 
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EXAMINATION OF T HE BOHEMIAN IRON* 

2d§ grains of this m£tal, left about If gram of earthy mat- Bohemian iron 
ter, infoluble in nitric acid; and, by ammonia, afforded 36 17 P cr cent * d ®' 
grains of oxide of iron, inducing an eflimation of nearfy *5 of 

nickel. ” l 4 3 

* * j .. , . r 1 • 

EXAMINATION OF IRON FROM SENEGAL, 

BROUGHT BY GENERAL Of HARA, AND- 
GIVEN TO ME BY MR. HATCHETT. , ^ 

In this fexpeiSment, 199 grains of otfide were produced Senegal ir5n 5 *' 
Adm 14*5 grains ofmethl • hence, there may be* an 'effrftWtion ^[ n Q # pcr ccnt ’ 
of 8 grains in 145; dir between 5 and 6 ‘ percent, bfhickel. * 

*ft‘wiH appear, from a collected View of the preceding .pages Summary of the 
and authorities, that a nutnber offtones afferted to have fhUeH 0 ^ c 

under fimilar circumftances, have precifdy theiame charaggr^ the earth. 

The fiones from Benares, the (lone from Yorkfhire, that from 
Sienna, and a fragment of one from Bohemia, have a relation 
to each other not to be queftioned. • 

lft. They have all pyrites of a peculiar chara&er. Pyrites, oxide 

2dly. They have all a coating of black oxide of iron, r 
Sdly. They all contain an alloy of iron and nickel. Anti, ^ rodent."* 
4thly. The earths which ferve to them as a fort -of , coif- ^ ^ ^ 

peftipg t medium, correfpoud in their nature, and near/y t Jp ; , . ’.•.at 
their proportions. . j . . . ( jr J ^ 1 ^ u '* u * 

, Moreover, in the ifipnesfrom Beuares, pyritQs .andglpbfjj^ ,v * : . e . t 
fyxlies are exceedingly ^liftindti , Ip the others they areanjor# Qf • 1 ^ 

ICjfs definite ; and that from Sienna had ope of 4$ 
tranfparent. Meteors,, or lightning, (attended theflefceptqfjtfa^ Meteors or light- 
tiones at Benares, and; at Sienna. Such .coincidence .of, accompa- 
pumftanqes, ppd the unqueftionable authorities, I hsigp adf 1 " 5 * cm# 
duced,. inuft, I imagine, remove all doubt as to 
of thefe ftony fubftances ; for, to ditbelipve pp the^meif 
ground of incomprehenfibility, would be to difpute mod of 
the works of nature, ... 

3 'JRefpefting 
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Katitc irons. Refpeding the kinds of iron called native, they all contain 
nickel* . The mafs in South America is hollow, has concavi- 
ties, and appears to have been in a foft or welding Bate, be- 
caufeit has received various imprefiions. 

The Siberian iron has globular concavities, in part filled 
with a tranfparent fubfiance, which, the proportional quantity 
of oxide of iron excepted, has nearly the compofition of the 
globules in the Bone from Benares. 

The iron from Bohemia adheres to earthy matter Budded 
with globular bodies. 

The Senegal iron had been completely mutilated before it 
pame under my examination. 

From thefe fads, I (hall draw no conclufion, but fubmit 
the following queries. 

ffcwe thefe all lB. Have not all fallen Bones, and what are called liative 

th ' 5 ^ m * or, 8 in ? irons, the fame origin ? . 

and from me- ° 

aeon? * 2dly. Are all, or any, the produce or the bodies of meteors? 

And, laftly. Might not the Bone from Yorkfhire have farmed 
a meteor in regions too elevated to be difeovered ? 

Specimens of the Benares and Yorkihire Bones have been 
depoiited, by the Prefident, in the Britifli Mufeum. 


V. 

Experiments and Obfervations on the Heat and Cold produced by 
the Mechanical Condenfation and RarefaCtion of Air *. By 
John Dalton. 

Well known 
fa&s that the 
thermometer 
fife# in con- 
denfed and falls 
ia rarefied air. 


If a thermometer be inclofed in a receiver and the air fud- 
denly condenfed, the thermometer rifes a few degrees above 
the temperature of the atmofphere 5 and if the air be exhauBed 
from a receiver inclofing a thermometer, the mercury finks a 
few degrees immediately ; but in both cafes after fome time it 
rdumes its former Bation. Thefe fads are well known to 
philofophers of the prefent age, but they do not all agree in 
the explanation of them. Thinking the fubjed worthy of elu- 
cidation, I was induced to inBitute a feries of experiments for* 
the purpofe, which I apprehend have led to a clear demon- 
ftration of the caufe of the phenomena, and moreover makes 

# Manchefter Memoirs* V. 515* 

2 the 
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the feds thealfelves appear in a foffcewhai different point of 
View from what they are feen in at the firft moment. 

One circumftance is very remarkable, that whether the This rife and * 
mercury rifes or falls in thefe inftances, it is done very rapidly * Tt uer y rd * 
whereas in the open air, if a thermometer be only two or three 
degrees above or below the temperature, it moves very (lowly. 

This feems to have fuggefted to every one the idea, that the whence it was 
elafticity of the glals bulb of the thermometer has a principal 
(hare in producing the effebt, by caufing the bulb to yield a the glafs bu:b \ 
little to the preffure of the air. It has however been found 
upon trial that the fame effeds take place whether the thermo- 
meter is (baled or not. My experiments accord with this, hav-butit happens 
ing made a thermometer and left it unfealcd for the exprefs oc 

purpole ; in all the experiments with condenfed and rarefied not. 
air, there was no fenfible difference obferved to arife from the 
inequality of preffure on the external and internal furfaces ot 
the bulbs, the fealed and open thermometers varying the fame 
in kind and alfo in degree, except from circumftances to be 
noticed hereafter. 

It being certain then that a real change of temperature takes Confeq. a real 
place, it remained to determine the quantity and manner ol p^a^re ukeV 
that change. Having chofen a fmall and confcquently fenfi- pi ace . 
ble thermometer, with a fcale of degrees fufficiently large to 
admit of did ingui filing one tenth of a degree, I proceeded to 
afcertain feverai fads experimentally. 

EXPERIMENT 1. 

Took a receiver, the capacity of which was about 120 cu- Exp. T. A very 
bic inches, and fufpended tbr thermometer with its dear bulb Sermon*, 
in the central part of it ; then letting the whole acquire the receiver fell by 
temperature of the room,- which -was without u fire, I ex- *£ hauft t io £ 
haufted the air and afterwards reftored it, marking the effeds 
upon the thermometer. The medium of feverai trials nearly * 
agreeing with each other was Us under : 

The thermometer in the air of the room Rood at - 36°. 8 

- — funk upon exhauftion to - - - 34 .7 

■ " rofe when the air was reftored to 38 .9 

The JUddermefi of the fall and rife puzzled me moil : after 
refleding upon it for feme time, I conjedured that the real 
change of temperature of the air or medium was much greater 
, Vol. III. — November, 1802. M than 
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whence it was 
inferred, that 
the real change 
of temperature 
was verygreat; 
but not^very ef- 
fedWve becaule 
fo momentary. 


£xp. z. A large 
and a fmall ther- 
mometer were 
cooled diffe- 
rently. 


EXPERIMENTS ON HBAT AND COLt>. 

than (he thermometer indicated, but 4bat the inequality ex- 
ited only for a few feconds of time, becaufe the receiver, &c» 
i mined iately impart heat to or abftraCt it from fo fmall a quan- 
tity of air as 120 cubic inches, which are only equal to 40 
grains in weight. The phenomena of the thermometer feemed 
very well to accord with the fuppofition of great heat or cold 
a&ing uppn it for a few feconds only. 

EXPERIMENT 2. 

Purfuing this idea, I imagined that if two thermometers 
whofe bulbs were very unequal in magnitude were inclofed 
together, the fmaller bulb ought to give the greater variation : 
accordingly I inclofed two, the diameters of their bulbs being 
.35 and .65 of an inch refpeCtively ; and having exhaufted the 
air and reftored it again repeatedly in fucceffion, and found a 
mean of the variations, that of the fmall bulb was 2°. 8, and 
that of the large, 2°. 2 . 


EXPERIMENT 3. . 

th XP f me therm R e P ea ted the exhauftion with the fmall thermometer in- 
was more cook'd c ^°^ e d in three different circumftances fucceffively; 111 with 
the more remote the bulb in the centre of the receiver ; 2d with the bulb reft- 
of > heat! ndU ^° r8 on wet Ieather °f the plate ; and 3d with the bulk 
Tefting againft the fide of the receiver. 


lft Cafe — Reduced by exhauftion - - 2°. 45 

2d Cafe - ’ - . - . 2 .15 

3d Cafe - - 1 .2 

1ft Cafe— Raifed by reftoring the air - - 4 .05 

2d Cafe - - . ... 2 .25 

3d Cafe - - . . - *2.8 


EXPERIMENT 4. 


£xp. 4. A cubic 
inch of water 
was fenfibly 
cooled. 


From all which 
it follows that 
tbe real change 
was much 


Inclofed a wine glafs with about a cubic inch of water in 
it, containing the bulb of a thermometer, in a receiver ; and, 
exhailfting the air, the thermometer funk half a degree fud- 
denly, and then continued ftationary : upon reftoring the air 
it fuddenly rofe half a degree. 

All thefe experiments confirmed my conjecture of a much 
greater degree of heat and cold being produced in thefe cafes 
than the thermometer points out, but that its continuance is 


* 
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lb (hort as not to effect a material change in the temperature greater than 
of the mercury. The following experiments were made to 
afcertain what may be the real degree of heat and cold gene- 
rated in thofe operations. 

EXPERLMENT 5. 

The fame receiver and fmall thermometer as above being Exp. 5. The 

ufed, I found the exhauftion was effected by working the t * mc 

J ; 3 dence much leu 

pump one minute. The thermometer funk nearly 2° in the t han 0 f fubfe- 
fuil half minute, and the remainder, a few tenths of a degree, q« cnt r ‘ ,fe in th « 
in the latter half minute. The operation being (lopped, and v * cuum, 
things remaining in the fame (late, it required fome minutes 
of time before the thermometer recovered one degree of the 
heat loft. Upon opening the cock, the receiver filled with 
air in five feconds, and the-greateft velocity of the rifing mer- 
cury was about the end of that time. The rifing continued and the time of 
for 30 or 40 feconds from its commencement, but £ of the J^Jnofthe 0 " 
effe & were produced in the firft 10 feconds. The greateft external air 
velocity of the rifing mercury is 1 0 in 3* feconds. After the 
thermometer had attained its utmoft height, it began to fall quent fall, 
again at the rate of of a degree in a minute. 


EXPERIMENT 6. 


Took the fame thermometer and heated it to 50° above the Exp. 6. By 
temperature of the air, then let it be cooled by the medium of ** catin & thc 
air, and it began to fall at the rate of l°in 3 | feconds. letting it cool in 

The two laft experiments feem to prove that when air is let the air, it was 
m to the receiver in the ordinary way, an increafe of tempera - c | evat i 0 nof 50’ 
ture of 50 ° is produced in the medium within the receiver for 3f was required to 
feconds. This high temperature is reduced in a few feconds by JJ^Jfc&aslin* 

the receiver and furrounding bodies, to their own temperature, the former ex- 
periment* 

EXPERIMENT 7. Such therefore 

was the real rife# 

On condenfed Air. 


Took a large fpherical glafs receiver, the capacity of which 7 . Ther- 
was fomething more than twice that of the former (above one mometcr inwa- 
. gallon), and fufpended a thermometer in the centre of it, of a f u ddenly when 
larger bulb than that before ufed ; the receiver had a brafs cap the air was let 
and (lop-cock adapted to it: then doubled the denfity of the m * 

. air within it by a condenfer. The thermometer rofe 2° or 
- snore. Let out the air fuddenly and the thermometer imme- 

M 2 d lately 
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diateiy funk each time from 3° to 3°.5 5 at the lame time afe, 
exceedingly denfe mift was produced in the receiver* which 
fcon fubfided, 

Sufpe&ing that aqueous vapour , which always exifts in the 
atmofphere, and' is liable to aflame the liquid or aerial form 
according to circumftances, might be the principal agent in 
the pFodu&ion of heat and cold by condenfation and rarefac- 
tion, I thought that an increafe of it might produce a greater 
effect, and that cold air, which contains lefs vapour, might 
have a lefs effect. The reverie however was the fad, as ap* 
'pears by the following. 


‘EXPERIMENTS 8 and 9. 


B*p. 8 end 9 , 
Thefe effects 
did not arife 


danU 


In a cold morning laft winter when the air was clear and 
the thermometer without flood ad 20°, I took the receiver and 
from the water condenfer into the open air, and let them Hand for 15 minutes 
fufpended m the ( D acquire its temperature; then repeatedly condenfed the air 
to a double denfity, and fuddenly liberated it again. On a 
medium of five trials die mercury fell 3°. 3 on opening the 
For the change cock. The vapour precipitated was whiter than ufual and 
KISS* not neatly fo deofe. 

were moft abun- Again, took the receiver and condenfer into a dyer’s ftore 
where the temperature was about 100°, and the air abounded 
with vapour in a tranfparent date : alter fome time, condenfed 
the air and liberated it as before, when on a medium of five 
trials the mercury funk only 3°, and a veiy. copious mift was 
precipitated, fo denfe that one could but juft diftingoilh the 
•degree of the thermometer through it. 

Thefe experiments fliew that the greater the quantity of 
vapour condenfed the lefs is the change of temperature ; and 
that confequently, if air was entirely finee from vapour, the 
change of temperature would be a maximum . Indeed this is 
clearly confident with the known law/ that when vapour if 
* condenfed, heat is given out. Any procefs to cool the air 
muft be retarded by the condenfation of part of the vapour it 
contains. Suppofe for inftance that a portion of the atmof- 
phere contained ^ of its weight of aqueous vapour, and that 
<§- of this vapour were condenfed by 50° of cold 5 that is, 
of the whole elaftic mafs was converted into water ; then the 
heat given out would-be fufficient to raife the temperature of 
the remaining mafs of ak and vapour 6 or 8°, which fuffi- 

rientljr 


This might be 
inferredfrom 
the known the- 
ory. 
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ciently accounts for the (mall difference obferved in the refulU 
upon warm vapoury air and cold dry air. Hence vapour* 
far from producing the change of temperature in queftion* 
tends to dimimfhthe efied. 

If any doubt remained with me refpeding the real change 
of temperature that tak.es plac£ in the operations related above* 
it was completely removed by the refults of the two following 
experiments. 

EXPERIMENT 10. 


Inclofed a final! graduated glafs tube of ~j of an inch inter- A (mail man®, 
lial diameter, and 10 inches long, with a thort column of ™ofcd . W ** 
mercury in it, in the large receiver; the tube was fealed at f 
one end and open at the other, fo that a portion of given ca- 
pacity was confined by the mercurial column, which was near 
. the open end of the tube, and fubjed to rife or fall by any 
variation of elaflicity of the air on either fide, being a proper 
manometer: then 'doubled the denfity of the air in the re- the denfity of 
ceiver, and opening the ftop-cock, the mercurial column foon 
ran up to its former ftation, but inftantly turning the cock then teftored by 
again, the mercurial column returned or fell down gradually a 
for 5 or lOfeconds, to the amount of nearly^ of the whole f lt)m withouu 
aerial column, and then became ftationary. Again opening Themnnometier 
the cock, a quantity of air rallied out, and the mercury the 

relumed its original ftation. Thefe effeds were always the receiver had 
^ame, on a repetition of the experiment. forbed* heat^and 

become more 

EXPERIMENT 11. elaftic. 


Let the mercurial column of the manometer down by a Exp. u. The 
wire to £ of the length of the tube from the fealed end ; then “ 

exhaufted | of the air from the receiver, which was feen by rarefied airs* 1 
the mercury riling to the top of the tube ; and upon opening 
the cock the mercury fell to its former ftation, but then fud- 
denly turning the cock, the mercury gradually rofe for the The air let in 
fpace of 5 or TO feconds to more than T ^. of its original height ^°. we< * figns of 
above the ftationary point, and remained there till the cock glv * ngout cat * 
was opened : after which it refumed its proper ftation. 

The phenomena in the two laft experiments can be ex- Fdller rxplana- 

plained only on the following principle : — The air in the re- tlon * The air 
, . . . - ‘ _ ... in the mano re- 

ceiver and m the manometer is lubjed to a like degree of ter recovers the 

r#refodion and coudcnfation in thofe experiments or nearly common 

ratuie fooaei 
to. 
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than that in tht 
receiver : 
whence in the 
former cafe the 


fo. When the equilibrium of heat in the air is difturbed by 
the operations of condenfation and rarefadion, it is reftored in 
the manometer inftautly by reafon of the contiguity of the glafs 


the t0 lhC a ' r ! but in the large receiver it requires a fenfible time 
receiver renders of 10 feconds or more to reftore the equilibrium throughout 
Its preflure from the whole internal capacity. It is this reftoration that in- 
on {hemercury: crea ^* es or diminifhes the elafticity of the air confined in the 
and the contrary receiver, and thereby caufes the retrogradation of the mercu- 
cafe 16 ° thCr column. Now I have found by former experiments, that 

a change of 50° in temperature effeds a change of ^ nearly, 
in the capacity or bulk of air. It follows therefore that in the 
cafe of reftoring the equilibrium in condenfed air, about 50° 
of cold is propuced ; and in letting in air to an exhaufted re- 
ceiver fomething more than 50° of heat is produced. The 
fraall difference feems to arife from this, that the condenfation 


of vapour in the former cafe diminijhes the effed, and in the 
latter, if any there be, increajhs the effed, that would arife 
from operating upon puyely dry air. 

The theonr of The experiments and obfervations hitherto related go prin- 
wft^iTtlwdif- ci P% t<0 attain fads without any reference to the theory 
ference of capa- of them ; This however may be given in a few words, and is 
hc y t^vT* r *°lefi ^ ame th at ls aferibed to Mr. Lambert by Meffrs, Sauffure 
the greater the and Pidet and by them adopted. He conceives that a va- 
ienjirj, cuum has its proper capacity for heat, the fame as air, or any 

other fubftance ; and that the capacity of a vacuum for heat 
is greater than that of an equal volume of atmofpherical air ; 
alfo that the denftr air is, the lefs is its capacity for heat : upon 
thefe principles the phenomena are eafily referable to that 
plafs of chqmical fads where heat arid cold are generated by 
the mixture of two different bodies. If this theory be right. 


Whence new and I think there is little doubt of it, we may hence be led 
experiments may a train of experiments, by which the abfolute capacity of 
the capacities of a vacuum for heat may be determined ; and likewife the ca r 
claftic fluids, pacities of the different gafes for heat, by a method wholly 
new : but this rauft be left to future inveftigation. 


¥ 


VI. An 
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VI. ' 

An Account of a Method of copying Paintings upon Glafi , and qf 
making Profiles by the Agency of Light upon Nitrate of Silver. 
Invented by T. Wedgwood, Efq. With Ohfervations by 
. H. Davy. From the Journals of the Royal lnftitution , 
I. 170. 


"White paper, or white leather, moiftened with folution White paper, 

of nitrate of (ilver, undergoes no change when kept in a dark & . c ' wetted with 
i i ' ° ... mtrate of filver, 

place; butj, on being expoled to the day-light it fpeedily becomes black by 

changes colour, and, after paffing through different fhades of s 
grey and brown, becomes at length nearly black. 

The alterations of colour take place more fpeedily in pro- with different 
portion as the light is more intenfe. In the direct beams of the ^ ght 

fun, two or three minutes are fufficient to produce the full z minutes in * 
effect. In the (hade feveral hours are required, and light tranf- * unfli me. 
mitted through different coloured glaffes, ads upon it with 
different degrees of intenfity. Thus it is found that red rays. Coloured raya 
or the common fun-beams paffed through red glafs, have very ^ Yntenfitfcs" 
little adion upon it : yellow and green are more efficacious ; 
but blue, and violet light produce the mod decided and power- 
ful effeds*. 

The 


# The fads above mentioned are analogous to thofe obferved long 
ago by Scheele, and confirmed by Senebier. Scheele found, that in 
the prifmatic fpedrum, the effed produced by the red rays upon mu- 
riate of filver was very faint, and fcarcely to be perceived ; whilft it 
was fpeedily blackened by the violet rays. Senebier ftates, that 
the time required to darken muriate of filver by the red rays, is 20 
minutes, by the orange 12, by the yellow 5 minutes and 30 feconds, 
by the green 37 feconds, by the blue 29 feconds, and by the violet 
only 15 Ceconds.— Senebier fur la Lumiere 7 Vol. III. p. 199. 

Some new experiments have been lately made in relation to this 
fnbjed, in confequence of the difcoveiies of Dr, Herfchel concern- 
ing the invisible heat-making rays exifting in the folar beams, by 
Meflrs. Ritter and Bockmann In Germany, and Dr. Wollafton in 
England. 

It has been afeertained by experiments upon the prifmatic fpec- 
trum, that no effeds are produced upon the muriate of filver by the 

inyilible 
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Hence the light 
that pa(Tes 
through a paint* 
ingon glafs will 
caufe various 
tinges on the 
paper. Sec. and 
afford a copy 5 


Of profits n)ay 
be taken from 
ftadpwt. 


The tinge is 
permanent. 


* The copies $hui 
4 >f,adeare change* 
, .>ble by day- 
light} 


0 and this imper- 
4 feltion has not 
yet been reme- 
died. 


Copies of tex- 
tures thus made. 


M1TUOD OF C0FYJV8 PAINYI»0f UFOX GUM. 

The confideration of thefe fads enables us readily to under- 
ftand the method by which th* outlines and (hades of paintings 
on glafs may be copied, or profiles of figures procured, by 
the agency of light. When a white furface, covered with 
folution of nitrate of filver, is placed behind a painting on 
glafs expofed to the folar light ; the rays tranfmitted through 
the differently painted furfaces produce diftind tints of brown 
or black, fenfibly differing in intenfity according to the (hades 
of the pidure, and where the light is unaltered, the colour of 
the nitrate becomes deepeft. ' 

When the fhadow of any figure is thrown upon the prepared 
Jurface, the part concealed by it remains white, and the other 
parts fpeedily become dark. 

For copying paintings on glafs, the folution fhould be ap* 
plied on leather ; and, in this cafe, it is more readily aded 
upon, than when paper is ufed. 

After the colour has been once fixed upon the leather or 
paper, it pannot be removed by the application of water, or 
water and foap, and it is in a high degree permanent. 

‘ The eppy of a painting, or the profile, immediately after 
being taken, must be kept in an obfeuro place. It may 
indeed be examined in the (hade, but, in this cafe, the 
exppfure fhould be only for a few minutes i by the light of 
candles or lamps, as commonly employed, it is not fenfibly 
affeded. 

No attempts that have been made to prevent the uncoloured 
parts of the copy or profile from being aded upon by light, 
have as yet been fuccefsful. They have been covered with a 
thin coating of fine varnifh, but this has not deftroyed their 
fufeeptibility of becoming coloured ; and even after repeated 
wafhings, fufficieut qf the adive part of the faline matter will 
(till adhere to the white parts of the leather or paper/ tQ. 
c^ufe them to become dark when expofpd to the rays gf 
the fun. 

Befides the applications of this method of copying that 
have been juft mentioned, there are many others, 'And it 

iavifit^e heat, making rays which exift on the red fide, and which 
are leaft lefrangible, though it is powerfully and difiin&ly. affeded 
in a (pace beyond the violet rays out of this viftblae boundary, foe 
Axnaitn dtr Ptyjik, Jiekewter Rm/idy 521 .rr-P. 

4 will 
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METHOD OP COPYING PAINTINGS UPON GfcASS. 16# 

will be ufeful for making delineations of all fuch objects as 

are pofleffcd of a texture partly claque end partly tranfpa* 

rent. The woody fibres of leaves, and -the wings of in feds, 

may be pretty accurately reprefented by means of it, and in 

this cafe it is only neceflary to caufe the dired folar light to , 

pafs through them, and to receive the fhadows upon prepared 

leather. 

When the fokur rays are palled through a print and thrown Prints not wry 
upon prepared paper, the unfhaded parts are flowly copied 
but the lights tranfmitted by the fhaded parts, are feldom fo 
definite as to form a diftind refemblance of them by producing 
different intend ties of colour. 

The images formed by means of a camera obfcura, have The images of 
been found to be too faint to produce, in any moderate tirae,^* f^ntfo^k 
an effed upon the nitrate of filver. To copy thefe imagesproccfs. 
was the firft objed of Mr. Wedgwood, in his refearches on 
the fubjed, and for this purpofe he firft ufed the nitrate 
ef filver, which was mentioned to him by a friend, as a 
fubftance very fenfible to the influence of light ; but all his 
numerous experiments as to their primary end proved un- 
fuccefsful. 

In following thefe procefles I have found, that the images ofThofe from the 
finall objed s, produced by means of the folar microfcope, 
be copied without difficulty on prepared paper. This will 
probably be a ufeful application of the method ; that it may be 
employed fuccefsfully however, it is neceffary that the paper 
be placed at but a fmali diftance from the lens. 

With regard to the preparation of the folutfon, I haveTo make the 
found the beft proportions thofe of 1 part of nitrate to about folution * 

10 of water. In this cafe, the quantity of the fait applied 
to the leather or paper, will be fufficient to enable it to be- 
come tinged, without affeding its compofition, or injuring its 
texture. 

In comparing the effeds produced by lightupon muriate ofThc muriate is 
filver, with thofe produced upon the nitrate, it feemed evident, ^tode* 
that the muriate was the moft fufceptible, and both were more licacy, 
readily aded upon when moift than when dry, a fad long ago 
known. Even in the twilight, the colour of moift muriate of 
filver fpread upon paper, fiowly changed from white to faint 
violet ; though under fimilar circuit fiances, no immediate al- 
teration was produced upon the nitrate. 

The 
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but is lefs fo- The nitrate, however, from its fallibility in water, pofiefles 
luWe * an advantage over the muriate : though leather or paper may,. 

without njuch difficulty, be impregnated with this laft fub- 
ftance, either by diffuling it through water, and applying it in 
this form, or by imraerfing paper moiftened with the folution 
of the nitrate in very diluted muriatic acid. 

Caution. To thofe perfons not acquainted with the properties, of the 

. falts containing oxide of filver, it may be ufeful to ftate, that 

v they produce a ftain of fame permanence, even when mo- 
mentarily applied to the fkin, and in employing them for moif- 
tening paper or leather,- it is neceflary to ufe a pencil of hair, 
orabrufli. 

Something like a From the impoffibility of removing, by wafliing, the colour- 
may^crhap^be * n g matter of the falts from the parts of the furface of tlie copy 
effected here, 'which have not been expofed to light, it is probable that, both. 

in the cafe of the nittate and muriate of filver, a portion of the 
metallic oxide abandons its acid to enter into union with the 
animal or vegetable fubftance, fo as to form with itan infoluble 
compound. And, fuppofing that this happens, it is not im- 
probable but that fubftances may be found capable of deftroy- 
ing this compound, either by fimple or complicated affinities. 
Some experiments on this fubje£t have been imagined, and an 
account of the refults of them may poflibly appear in a future 
number of the Journals. Nothing but a method of preventing 
the unthaded parts of the delineation from being coloured by 
expofure to the day is wanting, to render the procefs as ufeful 
qs it is elegant. 


VII. Otyervation* 
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Obf creations and Experiments upon Oxigenized * and Hyperoxigen- 
ized Muriatic Acid ; and upon Jbme Combinations of the Mu~ 
viatic Acid in its Three States . By Richard Chknevix, 
Efq. F. R. S. M. R. /. A. From the Philofophical Tranjac- 
tionsfor 1802. 

W HEN Mr. Berthollet made known the combination of I 
what was then called oxigenated muriatic acid with potafli, 
he gave as his opinion, that the proportion of oxigen, rela- 
tively to the quantity of acid, was greater in the fait than in 
uncombined oxigenized muriatic acid. This conje&ure was 
fairly founded upon the obfervation, that, in his mode of pre- 
paring this fait, a large portion of common muriate was formed 
in the liquor, along with the hyperoxigenized muriate. The 
memoir which he publifhed in the year 1788, is the laft with 
which I am acquainted, upon this fubjed. It does not con- 
tain any thing that, confidering the accuracy which is now 
required in experiments, amounts to a demonftration of the 
relative proportions of oxigen, in oxigenized and hyper- 
oxigenized muriatic acids. Unfortunately, this chemift has 
not purfued his refearches any farther ; although, from his 
own words, we had every reafon to hope that they would have 
been continued. 

In the Syfteme des ConnoiJfances Chimiques of Mr. Fourcroy, I 
we find a fummary of the experiments that had preceded the c 
impreflion of his work, together with the following fentence: 
“ Tous les muriates furoxig^nds font d^compofes par les 
“ acides, fouvent avec une violente decrepitation, avec un 
" degagement de vapeur jaune verd&tre, et*une odeur tres- 
" forte. Cette vapeur eft de veritable acide muriatique fur- 
“ oxigene. Elle eft lourde, tombe en goutellettes d'un jaune 
“ vert, et forme des ftries comme de Phuile, fur les corps aux- 
€€ quels elle adhere.” This aflertion carries no confirmation 


Inference of 
Berthollet, that 
the fo called ox- 
igenated muriate 
•f potato con- 
tains more oxi- 
gen than is in 
the uncombined 
acid. 


Fourcroy’s ac* 
count. 


# I have preferred this word to oxigenated , becaqfe ate is the ap- 
propriate termination of certain falts formed by acids in ic. Some 
further remarks upon this fubje6b will be made in a work now in 
the prefs, intitled. Remarks upon Chemical Nomenclature. 
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along with it ; and does not amount fo near to proof as tfte 
The exigence of poGtion of the former chemift : fo that, in fa£t, the exiftencfc 
•cid C not V” Ur# hyperoxigenized muriatic acid, and of its combination with 
proYed* potato, refts, at prefent upon the conje&ure of Mr Berthollet ; 

a conjecture however which, as well as his whole difiertation 
upon the fubjeCt, bears all the marks of genius which fo flrongly 
charaCterife every production of that fagacious phiiolbpher. 
Some notice has been taken of other faline combinations, 
formed by caufing a current of oxigenized muriatic acid to 
pafs through folutions of the alkalis, or earths, or by other wife 
combining them. MelT. D'Olfifs, Gadolin, Van-Mons* 
Lavoifier, and others, have flightly mentioned feme of thefo 
' combinations. But, with the exception of Mr. Berthollet, I 

know of no chemift who has approached fo near to the real 
ftate of the combination of muriatic acid and oxigen with pot- 
afh, as Mr. Hoyle, of Manchefter. The true nature of this 
fait, however, is one of thofe things which many perfons have 
credited without proof ; and which many others have been on 
the eve of difcovering. 

New obs. and I {hall now proceed to lay before the Society, an account of 
•f that the observations and experiments which have led me to con- 

clude, that muriatic acid does exift in the form of oxigenized 
and hyperoxigenized muriatic acid, as announced in the title 
of the prefent communication ; and that, in either ftate, it is 
capable of entering' into faline combinations. 

Order of narra- With this view, I (hall deferibe, 

Ifi, The n^pans by which I think I hare fucceeded, in afeer- 
taining the conftituent parts, as well as the proportions, in 
oxigenized and hyperoxigenized muriatic acid. 

2 dly, I (hall mention fome of the combinations of themuria- 
% tic acid, in its three ftates. 

In treating upon the firft of thefe objects, I muft in fome 
rpeafure anticipate the fecond ; and muft fuppofe fome things 
known, which are hereafter to be deferibed. This inconve- 
nience is inevitable ; as the natural order of things leads me to 
treat of the acid, before I conftder the bodies into the compofi- 
tion of which it enters. 

Hyperoc. mur. I expo fed to the heat of a lamp, 100 grains of hyperoxige- 
Ump^wrepr * muriate of potafh. It decrepitated gently, and in a toort 

tated," melted, time melted. After remaining in fufion nearly an hour, I 


wnsained ix? fu- allowed it to cool $ it eryftaiKzed as formerly, and had loft 
fian »“ dlaft 2,5 p« 
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11,5 per cent. I increased the heat to rednefs, in a furnace. 0 , 0 * 5 . ^ 

The fait boiled with a violent effervefcence, and rapid dif- ca “ fe * 

# 4 done of its ini 

engagement of gafeous fluid, together with a thin white fofstf 0 , 5 . 
vapour, and then funk faddenly into a white fpongy mafs. 

The lofs of weight ufually varied from 42 to 48 or 50 per 
cent. 

I put 100 grains into a coated glafs retort, luted to a fmall Diftillatfon of. 
and perfectly dry receiver, having a tube communicating with 0 f potato*, 
a glafs bell in the pneumatic tub. The fire had not been 
lighted very long, when a flight dew began to line the infide 
of the receiver; and, as foon as the retort was nearly red-hot, affonta! oxigen 1 
a difengagement of gas, fo fudden as almoft to be explofive, 
took place. A quantity of thin white vapour arofe, which af- 
terwards was depofited* in the form of a white fublimate, m 
the receiver and the tube. When the extrication of gas had 
ceafed, the apparatus was allowed to cool. The gas, with the 
ufual corrections of temperature and preffure, meafored 1 12,5 , .. 

cubic inches, =38,3 grains. The 2,5 mentioned above, as **1 left muriate* 
the lofs of this fait at a low heat, were water. 53,5 remained 
in the retort ; and the white fublimate in the tube and receive 
amounted to 5. * 

The products of this operation were therefore. 


' Water - - - - 2,5 

Oxigen - - - - 38,8 

Salt in the tube and receiver ~ • - 5 

Salt remaining in the retort • 53,5 


99,3. 

To find the proportions of oxigen and muriatic acid, in hy- 
peroxigenized muriatic acid, it now only remains to determine 
the fum of the quantities of muriatic acid, contained in the The ieid«al 

53,5 of the retort, and the 5 of the tube and receiver. The mur * ate 

53,5 gave, by nitrate of filver, a precipitate correfponding to^J tc nitr?tTof 
18,21 ; and the 5, a precipitate correfponding to 1,76; in all, fi lver, and it* 
20 of the muriatic acid. Therefore, 38,3 of oxigen, and 20 of 
"muriatic acid, combine to form 58,3 of hyperoxigenized mu- from the preci- 
xiatic acid ; or, 100 of hyperoxigenized muriatic acid contain, P ltate# 

Within a fradion, 

Oxigen - - - - 65 

Muriatic add ... 35 


100 . 


And 


Digitized by v^.ooQle 



The byperox* 
muriate there- 
fore contained 
nearly i part 
common acid, 
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And the elements of hy peroxigenized muriate of potafli, fbould' 
be thus ftated : 


Oxigen - 
Muriatic acid : 


hyperoxigenized 
muriatic acid 
Potafh 
Water 


Muriates lofc a 
little acid by ig* 


To determine 
the oxigen added 
to conveit mu- 
riatic intooxyg. 
mur. acid* 


Ox. mur. acid 
gas was pafTed in 
fucceflion 
through ftrong 
Solution of pot- 
affls, weak, folu- 
tion of potafli, 
and folu* ion of 
carbotiate of pot-' 
aflu 

The firft bottle 
exhibited cryf- 
tals and de- 
tained all the 
fulph. or mur* 
acid. 

The fecond bot- 
tle received only 
byperox. mur. 
acid, and con- 
tained lea diflbl-* 
▼ed combination 
with potalh. 


100 , 0 . 

It may be obferved, that the 53,5 of the retort did not yield 
the fame proportion of acid as the 5 of the tube and receiver. 
The fad is, that all muriates Iofe a little of their acid at a red 
heat, as I fliall prefently mention more particularly ; and the 
fmali lofs was, in all probability, owing to a portion of acid dif- 
engaged by the heat to which the fait was neceflarily expofed 
during the operation. 

Having thus afeertained the proportion of oxigen in hyper- 
oxigenized muriatic acid, by means of its combination with 
potafli, a ready method occurred to arrive at the knowledge of 
that contained in oxigenized muriatic acid, f^or this purpofe, 
I difpofed in the following manner, a Woulfe’s apparatus, con- 
fifting of three bottles, and conneded with the pneumatic tub.. 
In the firft bottle, I put a folution of potafh *, in about fix parts 
of water* In the fecond, a folution of the fame ; but fo dilute, 
as that no part of the fait, which might be formed, fhould cryf- 
tallize during the operation. About twenty parts of water was 
the proportion there employed. In the third bottle, I put com* 
mon carbonate of potafli. Through this apparatus, I fent a 
current of oxigenized muriatic acid, difengaged by fulphuric 
acid, from a mixture of muriate of foda and black oxide of 
.manganefe, in the well known manner. Cryftals of hyper- 
oxigenized muriate of potafh were formed in the liquor of the 
firft bottle ; and, as long as they remained, I was certain, from 
previous experiment, that no fulphuric or muriatic acid could 
pafs into the fecond bottle. The current was continued, till 
the liquor of that bottle contained an excefs of acid. The car- 
bonate of potafli, in the third bottle, abforbed the fuperabuiv. 
dant vapours ; and the pneumatic apparatus was ready to 
colled any gafes that might be evolved. By thefe means, % 

# Whenever potafli, foda, barytes, an acid, an alkali, water, op 
the names of other fubftances are ufed without an epithet, they -are 
meant to denote <hem in that ftate which is commonly called purt. 

obtained 
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obtained, in the fecond bottle, a folution of whatever fubftance The third botde 
might refult from the adtion of potafh upon hyperoxigenized p^bundantva" 
muriatic acid. pours. 

I took a portion of this liquor, which I (hall call entire The liquor of 
liquor *, and diftilled it to drynefs in a glafs retort, taking ^y^no^a^bjf* 
caYe to fcreen it from light. A tube from the receiver commu- diftillation, but 
nicated with the pneumatic tub. My objedt was to ascertain, 
whether the change obferved by Mr. Berthollet, in the difhribu- 
tion of the elements of oxigenized tnuriatic acid, to form, with 
potafh, a fimple and a hyperoxigenized muriate, really took 
place among thofe elements themfelves, independently of any 
abforption of oxigen from the atmofphere, or extrication of it 
from the fait. Nothing but fome water, and a few inches of 
the dilated air of the veflels, patted into the receiver and the 
pneumatic apparatus ; and I found, in the retort, a faline 
mafs f, perfedtly dry and cryftallized. Hence it is evident, 
that the fame quantity of oxigen as that formerly contained in 
the oxigenized muriatic acid, which had been united to the 
alkali, to form the total mafs of fait, was now condenfed, in that 
part which had become hyperoxigenized muriate. 

To afcertaln this quality, I dittolved 100 grains of the entire ioo grains of 

fait in water, and precipitated by nitrate of filver. I thus ob- thl8 / a,t P rec *P**' 
. . f r . . - , tated as much 

tamed a quantity of muriate of lilver, which, by proportions filver as 84 

previoufly determined, I knew to correfpond to 84 of muriate 8™™ 
of potafh: therefore, 16 were hyperoxigenized muriate of would have done, 
potafh But, according to the proportions eftablifhed above Therefore 16 
in hyperoxigenized muriate of potafh, 16 of this fait contain 6 P arts were hy- 
of oxigen, with 3,20 of acid, the remainder being alkali and muriate^ 1 * 6 * 
water ; and, by preliminary experiments, I found that 84 of 
muriate of potafh contained 27,88 of muriatic acid. Therefore 
27, 8 8 -f- 3, 20 ==31, 08 of muriatic acid. With 6 of oxigen, or, to 
reduce it to the quintal, 

• I am well aware that, upon philofophical principles, this appel- 
lation is objectionable 5 but, for the fake of brevity, I have ufed it 
as a temporary name for a fubftance which has only a relative ex- 
igence among chemical bodies, 
f This fait I (hall call entire fait . 

t I mu ft obferve here, that hyperoxigenized muriate of potafh 
does not, like. fimple -muriate, decompofe the falts of filver. This 
Khali be further animadverted upon, and proved, in its proper place. 

Muriatic 
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I7tf 


Muriatic acid 
Oxigen 


84 

16 


100, are the proportions 

which combine to form oxigenized muriatic add. 

Confirmation hy To corroborate this evidence, I diflilled 100 grains of the 
off the ju^e (alt mentioned above; and obtained nearly 16,5 cubic 
inches of oxigen gas ; which as accurately correfponds witli 
the trials by nitrate of filver, as can be expected in experiments 
of this nature. , 

Companion with Mr. Berthollet, in his memoir upon oxigenized muriatic 
of Bcx^oU^i 113 gives, if I underfland him rightly, the following flate- 
ment of the proportions, and of the means by which he ob~ 
tained his refults. He expofed to the light of the' fun, 50 
cubic inches of water, faturated with oxigenized muriatic 
acid; and collected in the pneumatic tub, 1 5 cubic inches of 
oxigen gas. I here neglect fra&ions ; becaufe our refujits ap- 
pear, at firfl fight, to differ fo widely as not to require great 
accuracy ingiving their comparative flafcement. He then pre- 
cipitated, by nitrate of filver, the 50 cubic -inches of liquor, 
which had become fimple muriatic acid, and obtained 383 
grains of muriate of filver. But, by experiments, I found that 
383 grains of muriate of filver contain 65 of muriatic acid. 
Therefore, 65 of muriatic acid combine with 15 cubic inches* 
(?= 8 grains) of oxigen, to form 73 of oxigenized muriatic 
acid. But 73:8:: 100 : 1 1, or nearly. For this difference, 
however, it may be eafy to account. Perhaps Mr. Berthol- 
1 eFs 50 cubic inches of oxigenized muriatic add, contained 
originally a little fimple muriatic add ; and he fays befides, 
that he fufpe&s all the oxigen was not difengaged. This in- 
deed is moil probable ; and I am happy that I can recondle 
the proportions which I have found, to the opinion of fo fkilful 
a chemifl. 

and Cruick- Mr. Cruickfhank likewife, in his additional Observations 
Aank * upon Hydrocarbonates, has Hated that 2,3 parts of oxigenized 

muriatic acid contain 1 of oxigen, or about 43,5 per cent. But 
this able chemifl, to whom we are indebted for the difeovery of 
the gafeous oxide of carbon, procured his oxigenized muriatic 


* Mr. Berthollct's proportions arc in the old French weights and 
mtafures. 


acid 
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acid by a peculiar method, which I (hall notice in fpeaking of 

the aftion of acids upon hyperox igenized muriate of potafh. - 

The fubftance he obtained was, in fa£t, not oxigenized muriatic 

acid gas, but a mixture of that gas with hyperoxigenized mu* , : 

riatic acid. I have not. the fmalleft doubt of the accuracy 

of his ftatement; but, being the proportion of a mixture, it 

in no way contradicts either of thofe I have determined in this 

Paper. 

Before I difmifs this part of the fubjedt, I with to anticipate There wai no 
an objedtion, founded upon an obfervation of Mr. Berthollet, 
which may be made to the above experiments. He fays, that the experiments* 
when the alkaline folution is very concentrate, an effervef- 
cence takes place durin thewhole of the faturation, and for 
fome days after ; and this effervefcence he attributes to the 
efcape of oxigen. But I have already faid, that no oxigengas 
was difengaged in any part of my procefs ; and no effervef- 
cence took place in any of the bpttles, except the third ; fo 
that no fuperabundance of oxigen could have paffed from one It is probable the 
into the other* nOr could any diminution of the total quantity B^rthofStwas^ 
have been produced. By repeating the experiments, fome- owing to carbo- 
. times with a folution of alkali, and fometimes with water alone, mc acid# 
in the firft bottle, I pbtained the liquor in the fecond bottle 
uniform in all cafes. Indeed, as potafli prepared in Mr. 

Berthollet's manner, was not in fuch general ufe at the time 
he performed his experiments as at prefent, I fufpedt that a 
great part of this effervefcence was owing to a difengagement 
of carbonic acid from the alkali. 

Having thus proved the difference between the Rates of thefe 
two acids, I (ball now proceed to the combination of each with 
falifiable bafes. 

OXIGENIZED MURIATES. 

As many properties of the entire liquor, before it had been Whether the II- 
evaporated to dryness, had led me to imagine that the acid was < * uor . bcfo ![ e cva “ 
united with the alkali, and remained in combination with it, Sn the twofckl 
in the ftate of oxigenized muriatic acid, till the moment of or °. nI y ^ oxi * 
cryftallization, I think it neceffary to ftate at length the ap- foreVht 
pearances which induced me to draw that conclufion, and the ofcryftallixatioii. 
experiments which afterwards convinced me that it was 
erroneous. 

Vol. III. — November, 1802 . N A few 
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ITS 

Sulphuric or A few drops of fulphuric acid, poured into fome of the ifttife 

mcctic acid dif- ijq Uor# caufed an effervefcence, and a fmell of oxigenized 
engaged oxyg. . . 

m. acid from the muriatic acid. 

liquorj Very ftrong acetic acid produced the fame effed. 

but not from the gy other experiments, I had afcertained that acetic acid 
could not decompofe any part of the intire fait ; and hence I 
concluded, that in the intire liquor, before evaporation, fome 
of the fait remained in the flate of ox igenized muriate, theacfd 
of. which was expelled by the fulphuric or acetic acid ; and, 
that it was not till the moment of cryftallization that the ele- 
ments of the fait underwent a total refolution into muriate, and 
This however hyperoxigenized muriate of potath. However, a fmall quan- 
di feng^eTe xccfs an y ver y fotoble neutral falts, fuch as nitrate or 

of oxyg. mur. muriate of ammonia, or even a little alcohol, produced the 

acid } for neu- f ame e ff e & s . and j was then convinced, that the effervefcence 
tral falts could . r . 

extricate it. was owing to fome uncombined oxigenized muriatic acid gas 
remaining in the liquor ; and which was difengaged, in pro- 
portion as the water was taken from it, by the fuperior affinity 
of the fait, or the alcohol, I had ufed. 

Acetic and ace- By fome previous experiments I had afcertained, as I have 

tous acids do not j u ^ men tioned, that acetic or acetous acids do not decompofe 
decompofe hy- J . r 

perox. m. of hyperoxigenized muriate of potam. I fent a current of ox- 

potalh } igenized muriatic acid through a folution of acetite of potato ; 

but ox. ra. acid and, upon evaporation, I found that the acetous acid had been 
titeof potafl» aCC " ^engaged, an ^ ^ at muriate, with hyperoxigenized muriate, 
of potafh had been formed. But, from fome trials, which I 
toall prefen tly relate, I was induced to believe, that oxigenized 
muriatic acid attracts the falifiable bafes with a much weaker 
In fuch difen- affinity than acetous acid. It is well known that thecontad of 
g ?. 8C ?\ ents thc oxigenized muriatic acid with an alkali, is fufficient to produce 

alkali becomes ° . , r 

combined as if it a combination of that acid witn the alkali ; and, from the laft- 
had at firft been mentioned experiments it appears, that it is not abfolutely ne- 
ceflary that the alkali toould be in a free ftate. If it be com- 
bined with an acid weaker than hyperoxigenized muriatic- 
acid, the original acid will be expelled ; and muriate and hy- 
.peroxigenized muriate will be formed, as if the alkali had been 
free. 

As a further proof, that the change in the diftribution of 
oxigenized muriate of potafh takes place at the moment of 
contact of the acid and the alkali, and confequently long be- 
fore the crvfta'lizauon, I mention the following experiments- 

I pre- 


Digitized by Google 



OBSERVATIONS ON MURIATIC ACID.' ]^9 

t precipitated, by nitrate of fiiver, 400 grains of the entire The firft liquor 
liquor, previoufly to its being evaporated ; and obtained 7 1 * a: nftratedf^ 
grains of muriate of fiiver. fiiver ; 

[evaporated to drynefs/ 400 grains of the fame liquor, redif-and afforded the 
folved the refiduilm, and, by dropping in nitrate of fiiver, ob- tioifof ^ 
tained 70 grains of muriate. The difference of one grain, in intire fait, 
thefe experiments, does not amount tb 0,2 of a grain of muriate 
of fiiver; and ought not to be regarded. 

From thefe experiments it is paft all doubt, that the original Hence the firft 
intire liquor did not contain oxigenized muriate of potafb. 

For, if fuch a combination had exifted in it, I fhould have of potafh ; but 
obtained a fmaller portion of muriate of fiiver in the firft than^ two 
in the fecond cafe* on account of the total feparation into 
muriate and hyperoxigenized muriate having not yet taken 
place. 

We are not however to conclude, from thefe experiments. Yet it is poffible 
that there are no fuch things as oxigenized muriates. Although 
they cannot be exhibited in a palpable ftate, it is eafy to de- 
monftrate that they do really exift. I (hall prove, in the pro- for example, of 
per place, that hyperoxigenized muriate of ammonia is not* mmonia# 
an incompatible combination ; and mu ft, for the prefent, af- 
filme the datum, in order that I may demonftrate the neceflary 
exiftence of oxigenized muriates. Therefore: If muriatic 
acid, or if hyperoxigenized muriatic acid, be brought in con- 
tact with ammonia, the refult will be muriate, or hyperoxigen- 
ized muriate, of ammonia. But, if the acid, difengaged by For the oxigen- 

fulphuric acid, from a mixture of black oxide of manganefe ,zed a ^. ,d candc ~ 

V • . rr 1 . r i i . . . , compofe aromo- 

and muriate of loda, be lent through ammonia, both are decom- n ia, and the hy- 

pofed. Hence it is evident, that the acid combines with the P" ox - ® # acid 

alkalis, in the ftate of oxigenized muriatic acid ; and that the t hj 8 i a ^ j oes> in 

feparation into muriate and hyperoxigenized muriate, is pro- form a fait 

duoed by a fubfequent action, among the elements of oxigen- ^ 1 ^ 1 ^ 1 ^^ 

ized muriate of potafli. 

Upon the whole, it appears to me fair to conclude, 

IJi, That the falls of this genus do really exift, previous to 
the formation of hyperoxigenized muriate of potafh. 

2d, That the affinity exercifed by hyperoxigenized muriatic Confequently 
acid for ammonia, and (by very ftrong analogy) for the other * here muft have 

, r • » ,11 * n • • ■% . . . . been an oatig. 

bales, is much greater than that of oxigenized muriatic acid, muriate firft, and 
For, hyperoxigenized muriatic acid, as (hall prefently be (hewn, dy 8 was imme- 
having a much more powerful adtion upon all combuftible ftronger affinity, 

N 2 bodies, fucceeded by 
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ether fait, m- 
ftead of decora - 
pofiOoa enfuing. 


bodies, whether Ample or compound, than oxigenized muriatic 
acid, it would be natural to fuppofe that the former acid would 
adt more powerfully upon the inflammable element of ammonia. 
But oxigenized muriatic acid combines with the hidrogen of 
that alkali ; which, however, is not decom poled by hyperoxi- 
genized muriatic acid ; yet the affinity of hyperoxigenized mu- 
riatic acid for ammonia, is the only caufe that determines the 
union of the acid and the alkali, without decom poll tion. But 
thefe affinities (hall be more fully treated of, in fpeaking of hy- 
peroxigenized muriate of ammonia. 


ALKALINE AND EARTHY HYPEROXIGENIZED 

MURIATES. 

Generic Charafters. 

Alk.&nd earthy Hyperoxigenized muriates are formed by palling a current 
riates?*' °f °>s*g en ized muriatic acid tli rough the bafis, diffolved or 
Generic charac- fufpended.in water, as in the formation of the laft-mentioned 
tfcrs * ge;uus. The Aril formation is owing to the feparation of the 

elements of an oxigenized muriate, into hyperoxigenized mu- 
riate and Ample muriate; from which latter, they may be fe- 
pprated by chryftallization, or by another procefs, which I (hall 
mention, in treating of the earthy hyperoxigenized muriates. 
By Ample trituration, they fcintillate, with noife. They are 
decompofed by a low red heat ; and give out a conAderable 
quantity of oxigen, as they become Ample muriates. They 
cannot be brought down, by any means that I have tried, to 
that diminiflied ftate of oxigenizement, which would conftitute 
oxigenized muriates. They inflame all combuftible bodies 
with violence, as is well known. They are foluble in water; 
many of them, in alcohol; and fome are deliquefcent. The 
acid is expelled, with particular phenomena, by fulphuric, ni- 
tric, and muriatic acids, without heat ; and, a little below a 
boiling heat, by phofphoric, oxalic, tartareous, citric, and 
arfenic acids : but they are not a6ted upon by benzoic, acetic, 
acetous, horacic, pruflic, or carbonic acids. Thofe vegetable 
acids which arc powerful enough to decompofe them, give 
out, towards the end, a gas of a peculiar nature, which has not 
Jo much find! as oxigenized muriatic acid gas, but which 
selects the eyes in an extraordinary manner, and promotes an 

uncommon 
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uncommon and rather painful fecretion of tears. I have not 
yet examined this gas, as there was invariably an inflammation 
of the mixture, with explofiomand rupture of the veffels, al- 
moft as foon as it began to be evolved. When pure, the 
hyperoxigenized muriates do not precipitate any of the me- 
tallic falts, although I believe they decompofe fome. The 
order in which the bafes feem to be attracted by the acid, is, 
potato, foda, barytes, ftrontia, lime, ammonia, magnelia, alu- 
f mina, filica. The other earths I have not tried, and but few 

of the metallic oxides. 

Firft Species . JJjjperoxigenized Muriate of Potajh. 

This fait is the belt known of all the faline combinations of mur * 

this acid. It has been erroneoufly confidered as (imply oxige- 
nized, for its acid is really hyperoxigenized. It is foluble in 
about fixteen parts of cold water, but in much lefs of warm ; 

^ and is eafily feparated, by cryftallization, from muriate of pot- 

ato. Alcohol can diffolve a fmall portion of it. It feems ca- Probably capable 
pable of exifting in more dates than one ; for, in pafiing a cur- various ^tes. 
tent of oxigenized muriatic acid, very (lowly, and in the dark, 
through a folution of potato, till faturated, I have obtained 
flexible and toining needle-like cryftals. This leads me to 
fufpeft, either a hyperoxigenized muriate of potato with excefs 
of acid, or that acid with a fuperaddition of oxigen. It would 
be fuperfluous to enter into a minute defeription of a fubftance 
* fo well known as hyperoxigenized muriate of potafli ; but, it 

being the fubftance whence I have chiefly attempted to difen- 
gage the acid, I (hall enter into a particular detail of the a&ion 
of the more powerful acids upon this fait. 

If concentrate, fulphuric acid be poured upon hyperoxigen- Attempt to de* 
ized muriate of potato, a violent decrepitation, fometimes butJi 0 ? 1 J >ofe \\ , 

rarely accompanied by a flato, takes place. A thick heavy ed to the felt, 
vapour, of agreenito yellow colour, which rifes with difficulty Peculiar vapour, 
to the top of the veflel, if it be deep, is difengaged. The 
fmell is not altogether unlike nitrous gas ; but it is peculiarly 
fetid, and may be compared to that which is emitted by brick - 
kil ns, mixed with that of nitrous gas. It differs much from 
bxigenized muriatic acid gas ; the latter being pungent and 
penetrating, the other heavy and oppreffive ; and it does not 
produce, at leaft in fo great a degree, the catarrhal fymptoms 
Caufed by the other. At the bottom of this vapour is a bright 

f orange- 
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orange-coloured liquor, which has the fame fmell as the va- 
m!* a dd thu* dif- P our# This * s ac *d contained in the fait ; and I have proved 
engaged is not it to be hyperoxigenized muriatic acid. But, although the 
P ure * fait from which the acid is difengaged be pure, the acid itfelf 

is never, fo ; becaufe the very aft of difengaging it effefts its 
decompofition, and fome of it is converted into oxigenized 
muriatic acid. The colour of litmus paper, on this account, is 
generally deftroyed by the liquor. I fay on this account, be- 
caufe I have fome reafon to believe, from having obferyed this 
not to be uniformly the cafe, that hyperoxigenized muriatic 
acid reddens the vegetable blues. However, it muft be confi- 
dered, that the fulphuric acid ufed to difengage the hyper- 
oxigenized muriatic acid is fiill prefent ; and we can draw no 
certain conclufion, until we have obtained this acid free from 
v!o fe n ^and ^ an - ot ^ er ^ftances. If to this mixture of hyperoxigenized 
gerousexplofion. muriate of potath and fulphuric %cid, heat be applied, an ex- 
ceedingly violent explofion, with a white and vivid flafli, takes 
place, before the liquor has attained the temperature of 125. 
of Fahrenheit. In order to obtain this acid, I attempted to 
diflil 500 grains, in a glafs retort, in a water bath, with every 
precaution againft fuch accidents as I could not but in fome 
meafure expeft ; when, almoft as foon as I had kindled the 
fire, I faw, in the bottom of the retort, an extremely white, 
vivid, and rapid flafh, which was immediately followed by a 
accident of this ^ ouc * re p° r t. The retort was reduced almoft to powder ; fo 
nature. that fcarcely any fragments of it could be found in the labora- 

tory. The windows, and feveral glafs veffels, were broken. 
I happened to be holding the neck of the retort, at the moment 
of the explofion, yet received no injury, except a flight contu- 
fion in the hand. But Dr. Vandier, a French gentleman of 
confiderable chemical and medical talents, to whom I am in- 
debted for much able afiiflance in my laboratory, was wounded 
in feveral places ; particularly, the tunica conjunftiva of the 
eye was fo lacerated, that a piece of it hung down, and, by 
getting under the inferior eyelid, caufed the moil painful irri- 
tation, and endangered his fight. One of the frontal arteries 
alfo was divided. I relate thefe circumftances thus fully, as 
the mofl effeftual means of putting upon their guard thofe who 
t)ilute acid ap- would repeat the experiment. If the fulphuric acid be dilute, 
plied. heat may be applied with more fafety ; and the phenomena 

are different. The hyperoxigenized muriatic acid is difen- 
gaged 
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gaged from the bafts; but, as the heat requiftte to diftil the 
acid is more than fufficient to decompofe it, oxigenized muri- 
atic acid comes over with it; and oxigen gas is colle&ed in the 
pneumatic tub. If the diftillation be continued, the fame dan- 
ger arifes as in the former cafe, becaufe the fulphuric acid be- 
comes concentrated; and it would feem, that its action upon - 
the fak is flight and partial at a low temperature, but violent 
and inftantaneous when heated and concentrate. I could not, 1 
therefore hope, by thefe means, to obtain the acid difengaged 
and pure. 

If the manner of bringing the fulphuric acid and the fait into The fait added 
contact be reverfed, and the fait be dropped into the acid, the to thc acid * 
yellow vapours and the orange-coloured liquor are produced, 
but generally without decrepitation. If they be allowed to 
remain fome days in contadl, the vapours continue, and oxigen 
gas is conftantly difengaged, even in the common light of the 
day, and at the temperature of the atmofphere. By cooling the 
firft receiver with ice, I thought that I had once obtained this 
acid cryftallized in the form of four-flded pyramids, of an 
orange colour. But, though I really believe this to have been 
the cafe, I do not pofitively affirm it. 

Nitric acid produces nearly the fame phenomena ; but the Nitric acid ap- 
fmell and other properties are rather lefs di Hindi and marked, plied * 
than with fulphuric acid. 

Muriatic acid decompofes this fait, and unites to its balls ; Muriatic acid, 
but neither the yellow vapours, nor the orange-coloured liquor, 
are produced. The circumflances which attend the contact of 
the acid and the fait, are as follows. If no more muriatic acid 
be prefent th^n is merely neceflary to decompofe the fait, I do 
not doubt that hyperoxigenized muriatic acid will be driven off, 
as little decompofed as with the other acids, fuppofing the action 
to be inftantaneous ; but, during the contadl of thefe two bodies, 
the acid expelled muft meet muriatic acid not yet combined, 
and, uniting with it, always forms a portion of oxigenized mu- 
riatic acid. The quantity of the laft acid muft vary, according 
to the quantity of muriatic acid employed, and not combined 
■with the alkali. It was by this method that Mr. Cruickfliank 
obtained the muriatic acid gas, which he ftated to contain 
43,5 per cent, of oxigen. 

Phofphoric and arfenic acids do not aft upon this fglt, till Phofph. and ace- 
heated with it ; and then much oxigen gas is evolved. Thefe, gageoxigen^y 

therefore, heat. 
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therefore, afford no better method of difengaging hyperoxige- 
nized muriatic acid without decompofition. 

Oxalic, tartare-J Oxalic, tartareous, and citric acids, adtas I before mention- 
adds?”** CitfiC ec ^ > an< ^ hyperoxigenized muriatic acid holds its place, in 
the order of affinities for potafh, immediately before the benzoic. 
Amufing com- I (hall not flop to detail a rfumber of amufing phenomena 
falfand ftrong 18 ^ at ma y be produced, by projecting into th£ ftronger acids, 
acids. mixtures of combuftible bodies, whether metallic or not, and 

hyperoxigenized muriate of potafh. The caufe of them is well 
underftood, and the theory points them out : they are, there- 
1 fore, no longer objects of philofophical admiration. But I mult 

mention one experiment, which, had it fucceeded, I fhould have 
The diamond thought important. I projected various mixtures of very mi- 
this humid way” nute ty pulverized diamond and this fait, into the different acids; 

but found the diamond undiminifhed, by every attempt to com- 
bine it with oxigen in the humid way *. 

The h. ox. mu- Another, but imponderable, part of this fait, as indeed of all 
nmch Caloric hyperoxigenized muriates, feems to be an extraordinary quan- 

tity of caloric. For, during their formation, fcarcely any heat 
is difengaged, as by other acids ; and, very little heat applied 
to the falts, gives the gafeous form to their oxigen. 

Erroneous opi- An opinion has prevailed among fome ingenious chemifts, 
mon, that Ai- f rom a m j X ture of this falt with fulphuric acid, nitrous gas 

formed from this is difengaged, and fulphate of lime formed in the retort. But 
fait, &c. this is a rniftake, arifing, on the one hand, from the fmell and 
vapour of the hyperoxigenized muriatic acid, and, on the other, 
from fulphate of lead, which the common fulphuric acid of this 
country frequently contains in folution, and which is precipi- 
tated from it by water. Before we aflert a faCt, we fhould be 
well affured of the purenefs of our chemical agents. This 

* I mutt confefs, that the vivid flatties of light, emitted from the 
mixture of this fait and combuftible bodies thrown into an acid, ap- 
pear to me, in fome meafure, to prove the modification propofed by 
Leonhardi, Richter, Gren, Sc c. to that part of the Lavoifierian the- 
ory which regards the emiflion of light during combuftion. Another 
teftimony in favour of their modification, may be drawn from the 
vegetable kingdom. All plants growing in places deprived of light, 
are merely mucilaginous. But the mucilage of thefe plants burns 
without the emiflion of light. Light, therefore,' appears not to be 
difengaged from oxigen ; elfe, why not by this mucilage as well as 
by other combuftible bodies ? 

3 fuppofed 
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fuppofed converfion of muriatic or hyperoxigenized muriatic 
acid into nitrous gas, will not pafs for a decompofition, or a 
tranfmutation, of that refractory radical ; and the idea of the 
change of potafh into lime, is as erroneous as fome other late 
affertioris refpeCting the decompofition of the alkalis. 


The proportions of this fait are, as I before ffated, 
Hyperoxigenized muriatic acid - <58,3 

Potafh - - - - 39,2 

Water - - - - 2,5 

Component par* 
of hyp. ox. mur* 
of potafb* 

100,0. 



Second Species , Hyperoxigenized Muriate of Soda. 

This fait is prepared in the fame manner, and with the fameHyper ox. mur. 
phenomena, as the former. It is extremely difficult to obtain . 

it pure, as it has nearly the lame degree of lolubitity m water befeparated, bc- 
as muriate of (oda. It is foluble in three parts of cold, and caufe of the little 
lefs of warm water ; and is flightly deliquefeent. It is foluble 
ih alcohol; but this property alone is not fufficient to enable us. 
to obtain it free from the muriate of foda, formed along with it 
in the entire liquor; as the latter fait, contrary to the alfertions 
of all authors, is foluble in alcohol, and feems to be much more 
fo, when accompanied by the hyperoxigenized muriate. Jt Obtained by 
was by taking a large quantity of the entire fait, formed by ** 

fending a curreht of oxigenized muriatic acid gas through a 
folution of carbonate of foda, and repeatedly cryftallizing in 
alcohol, that, with great difficulty, I obtained a littlO pure hy- 
peroxigenized muriate of foda. It cryfiallizes in cubes, or in 
rhomboids little different from cubes. It produces a fenfation 
of cold in the mouth ; and its tafte is eafily diftinguifhed from 
muriate of foda. It is decompofed by heat, by combuftible 
bodies, and by acids, in the fame manner as the former fpecies; 
and the acid holds its place for foda, as for potafli, immediately 
before the benzoic. The bafis is feparated by potafh only. 

This (hit is comp'ofed of. 


Hyperoxigenized muriatic acid 

66,2 

Component 

Soda .... 

29,6 

parts. 

Water . 

4,2 



100,0. 



(The Remainder in our next.) 

VIII. Dejlription 
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VIII. 


Defcription of the Indian Hand Mill . From a Correfpondent. 


General account HP U17 
of the hand mill. dL tit. 


Indian hand mill, like moft other Indian inventions, 
is character ifed by confiderable fimplicity and efledt. Its 
cheapnefsand its general utility are fuch, that the meanefi hut 
in India is never without one. The whole of the grain ufed 
by the natives of India is ground in thefe mills, and chiefly by 
the women, who appear to execute the talk with aftonithing 
eafe. A worhan will continue grinding with this mill for fe- 
veral hours, and in this time the will reduce a very confide- 
rable quantity of grain into flour. 

Defcription. The mill is compofed of two circular flones, an upper and 
an under one, each about two feet in diameter, and 2f inches 
in thicknefs. The quality of the flone nearly refembles that 
of our common mill flones. 

Figure and fit- The upper face of the under flone i^ drefled perfectly flat. 

ftone°^ Un< ^ er A fmall hole, of nearly an inch in diameter, is funk in the 
center of this flone : this hole is fitted with a plug of hard 
wood, firmly driven into it, which contains a fmall fteel 
gudgeon or pivot. The furface of this wooden plug is flightly 
* elevated above the face of the flone, and the gudgeon projects 

about half an inch beyond it. This gudgeon- fits into a hole 
in the middle of a crofs bar, or flatpiece of iron, eight or nine 
inches in length, about £ of an inch in breadth, and | of an 
inch in thicknefs ; the ends of this crofs bar are let into notches 
in the upper flone, and it thus forms a center on which the 
upper flone may revolve. 

The upper ftonc. The lower face of the upper flone is dretfed perfectly flat, 
to correfpond with the upper face of the under flone. This 
flone is inches in thicknefs at the edges, but it has a pro- 
jection of nine inches diameter in the middle, at which place 
it is five inches in thicknefs. The flone is pierced in the 
middle by a hole of fix inches in diameter, which ferves as a 
hopper to contain the grain. In the upper face of this flone a 
hole is funk near the circumference, in which hole a wooden 
handle, about fix inches in length, is firmly driven. By 
means of this handle the flone may be made to revolve on its 
gudgeon with confiderable facility. 

The 
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The projedtion of the wooden plug in the under (lone in How thejinc- 
which the gudgeon is inferted is fo regulated as to keep the ig regu i ate d # r 
(lonesat the proper didamce for forming the fined flour : if a 
coarfer fort is wanted, it is readily obtained by placing one or 
more flips of paper or card in the notches of the upper (lone, 
between the crofs bar and the (lone. 

The under (lone is ufually placed on the earthen floor of the bocal fituation 
hut, which is previoufly beaten and fwept, or otherwife it j s or P° fltion * 
placed on a cloth fpread on the floor. As the grain is reduced 
to flour it efcapes, together with the bran, at the circumfe- 
rence of the flones, and is colledled on the floor or on the 
cloth'. 

I would fuggefl as an improvement of this Ample machine. Improvements 
the forming the crofs bar with three claws, which would give fuggefted. 
three points of bearing indead of two, and confequently ren- 
der the upper, done more Heady *. J. would alfo fugged, that 
the block of wood which contains the gudgeon, fliould pafs 
completely through the under done; thus it might eafily be 
adapted to the requifite height by a few blows of the mallet. 

Should it be thought neceflary, the dones might be enclofed 
in a drum, and fitted on a dand. 

Explanation of the (ketch, Plate X. Reference td ths 

Fig. 1. Reprefents the lower face of the upper done. figures. . ..... -r 

Fig. 2. Reprefents the upper face of the fame. . 1 

Fig. 3. Is an elevation of the mill. 

Fig. 4. Is a fe&ion of the mill. 

a . Is the crofs bar, which is represented with three claws. 

b. Is the handle by which the upper done is turned. 

c. Is the deel gudgeon on which the upper done revolves 
by means of the crofs bar. 

d. Is the fmall block of hard wood in which the gudgeon is 
fixed. 

* It is likely that this (leadinefs would do harm. The totter in 
all probability anfwers the fame purpofe, of pounding, as the vertical 
dancing motion of the upper mill (lone upon the fupport of its 
pivot, of which Defaguliers has given a very rational account; 

J.e£tures II. 428. 


IX. An 
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IX. ' 


An EffiSt hitherto unpubUJhed, hy which the two Electricities are 
diftinguijhed. In a Letter from Mr. John Cuthbrrtson. 

To Mr. NICHOLSON, 

Dear Sir, 

letter* ON reading your note refpedfing the iuftruments by which 

the two kinds of ele&ricity are diftinguiflied, or its direction 
afcertained, it brought to my mind an experiment which I 
made with that view in the year 1777 in Holland ; I believe 
it is not known here, fo perhaps you may thinly it worthy of a 
place in your valuable Journal, 

I am. 

Dear SIR, 

your's refpedlfully, 

J. CUTHBERTSON, 

Poland Street, Soho, 061. 1 9, 1*802. 


Experiment. A INSULATE two wires furnifhed at each end with a metal 
twef baHs uTSbe k®® a ^ out 4 an * nc ^ diameter, connedt one with the pofi- 
oppofite ftates of tive conductor, and the other with the negative conductor of 

ele&ncity has an e ] e &rical machine ; fet them fo that their balls mav be at 
its flame much . J 

agitated, and about four inches diftance, place between them a common 

tT^balr n ^ 8a " ^ ze< ^ ^ fitted candle, w'ith the center of its flame nearly upon 
tivc ball only. ^ j eve j w j t j 1 the centers, and at an equal diftance from each ; 

if the machine be put in motion the flame will waver very 
much, and feems rather more to incline to the negative ball 
than to the pofitive one, but is very equivocal : continue turn- 
ing (if the machine be a plate of two feet diameter) about 50 
revolutions, then the negative ball will begin to grow warm, 
and the pofitive ball remain cold ; if the revolutions be multi- 
plied to 200, the negative ball will be too hot to be touched* 
and the pofitive remain as cold as at the beginning. 


X. Palpable 
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X. 


Palpable Mathematics ; or Methods of xvriting and calculating 
for the life of the Blind . By J. B. Berard . 4 

Citizen Hatty having compared the methods of writing Citizen Hauy't 
apd calculating of feveral celebrated blind men, has digdtftd Rewind « to 
into a body of doCtrine the beft productions of experience in writing, *c. 
this art. He has compofed a fyftem of inftru&ion, and has 
deferibed the inftruments proper to be ufed in this operation : 
and .he truly deferves well of humanity, who increafes the means 
of communication between fociety, and a clafs of men who 
feem (o h^ve been excluded from it, and to have been con- 
demned to lead an unhappy life, ufelefs to others, and with- 
out, epjqyment to themfelves. 

Having been myfelf deprived of fight fince the age of twenty- The author is 
three, meditation and experience have given me the unhappy 
right of treating upon the art concerning which he has written. 

I here give fome obfervations which may not be entirely ufe- 
lefs to fociety. 


ARITHMETIC. 

The method by which the celebrated Saunderfqn calculated Profeflor Saun* 
is well known; however ingenious it may be, it (Joes no Io7cora^^ eth0 * 
feem to me to be the beft ; I obferve two principal defe&s in P 
it. 

He ufed fmall fquare pieces with nine holes in each : the by figures to 4c# 
the pofition of a pin in one of thefe holes denoted one of the notetlie d, £ lts * 
nine figures. It is therefore neceflary to have as many of 
thefe fquares as the operation requires of figures or characters : 
and we muft employ an extended fpace for a very fimple cal- 
culation. 

In the fecond place, this method of calculating being en- required a great 
tirely different from that of perfons who can fee, they cannot * nd 
underftand the particulars of it ; this is a confiderable incon- 
venience, becaufe it deftroys all connexion between the blind 
and thole who operate by fight. 

The method which appears to me the beft, confifts in em-lt is better to 

ploying characters reprefenting figures, and arranging them ■ C0 J n P°f e as 
I CA - • ° print:.* do, 

nearly as they are com poled m printing. 

# Melanges Phyfico Mathematiques. 

ALGEBRA. 


Digitized by LjOCk 



I 


J 90 Palpable mathematics. 

ALGEBRA. 

and in algebra The beft method of writing algebra appears to me, like 
c * that of arithmetic, to confift in com poling in the manner of 
printers, with this difference, that the characters are a little 
' larger, and muft be read from left to right. This procefs hasr 
th% important advantage of enabling readers by fight to perufe 
and examine the calculations. 

GEOGRAPHY. 

Eafy method of There is but one method of ufing geographical maps and 
forming tangible^ g! 0 be S : it i s finiple and eafy. A fmall firing or thread is 
m&i f palled on all the windings or outlines of the map. The rivers 

and mountains are diftinguiflied by different threads. Grains 
or prominences of different fizes and fhapes are pafted on the 
and multiplying towns and other remarkable places, &c. With one of thefe 
copies. . . ma p S others may be procured by the prefs, in which the out~ 
lines wilLbe railed into relief. 

MUSIC AND BOOKS. 

Mufic books. Citizen Haiiy has compofed mufic books for the ufe of the 
efiablifhmeut of the 2uinze Vingts at Paris, the characters of 
which projeCt, or are emboffed : this method is without doubt 
ufeful, but it is fcarcely applicable but to great foundations. 

WRITING. 

Writing on pa- Citizen Hauy’s method confifts in ufing an iron pen, the 
^iieTsIcg'ble^y P 0 ™ 1 °* which is not fplit ; by writing without ink and pref- 
the protubc- fiftg on a ftrong paper, the blind man prodaces a character in. 
ranee. relief, which he can immediately read by paffing his fingers 

over the projecting characters on the oppofite fide of the 
paper, in the contrary direction. This relief is fufficient, pro* 

• * vided a foft furface be placed under the paper, fuch as lea- 

ther, blotting paper, &c. 

Frame for writ- In order to write in a firaight line, a frame is put on the 
ing ftraight. paper, having a number of brafs wires acrofs, parallel to the 
direction of the writing, at the difiance of about three quarters 
of an inch. 

His method of writing in relief has this advantage, that the 
blind can read what they have written, after a little practice ; 

but 
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but it has the inconvenience of preventing perfons that can fee 
from reading it, unlefs they have alfo pra6tifed the fame me- 
thod *. 

A black writing may likewife be obtained with this iron pen. How to make 
by placing on the writing paper another flieet done over with writing nnjt - 
hogs-lard and ivory black, covered again by another, through 
which the letters are traced. The inconvenience of this me* 
thod is, that the blind cannot read what they have written. 

Inftead of the frame with parallel threads, I employ a board 
which has feveral conveniences. 

This board is about 10 inches in breadth, and 16 high ; on A more conre- 
the left (ide, and near half an inch from the edge, there is a f! ramc for 
imall dove-tailed groove from top to bottom . A rule three 
quarters of an inch wide, and long, Aides in this groove 
by a piece fo formed as to fit the groove. Another rule five 
eighths of an inch wide, is fixed perpendicularly to the firft 
rule in the form of a T, and ferves very conveniently to di- 
redt the little finger of the hand that writes. Laftly, the left 
fide of the board is divided into notches almoft half an inch 
diftant from each other : this being done, the following is the 
method of writing : 

The paper is placed under the long rule, and is fattened by Method of writ- 
two fcrews eafy to be imagined, which prefs it againft the mg with ink. 
board : the writing is performed by keeping the hand lightly 
over the rule* the little finger being behind. The rule is 
drifted from line to line very readily by the left hand, the 
thumb being applied to feel the notches. At the finilh of 
every line ink is dipped or taken (in a filver pen formed in the 
ufual method) out of a broad flat veflel conftantly containing \ 

ink to the depth of between one eighth and one quarter of an« 
inch. 

By this procefs, the lines may be written as near each other 
as may be required. The rule directs the hand better than a 
wire, which is too flexible, and not broad enough. When, 
after difcontinuing writing the writer is defirous of proceed- 
ing, the rule indicates the point to begin from, &c. 

* If the paper be rubbed with pumice, or have fome earthy 
powder in the fize, and a blunt point of hard pewter be ufed, the 
letters will be neat and vifible.— -N. 

INK 
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INK IN RELIEF. 

Dcfideratum ; a It would be a very ufeful invention, if an ink could bff 
gibtelnk? tan " tomed which in coining from the pen fkould leave a mark 
that would proje6t. This ink would have the double advan- 
tage of enabling the blind and thofe who fee to read at thfe 
fame time writing, the figures of arithmetic, the characters of 
algebra, and the notes of mufic. I have not yet thought of 
;any fetisfeftory expedient for this purpofe, and fhail not 
therefore enter into any further detail* • 

GEOMETRY* 

Saondei Ton's .Saunderfon, m order to conftruCt geometrial figures* placed 

Ing^geomeScal"'! 1 " 1115 * n hpade > n a board, and palled threads from one pin 
figures with pinsto another. My method appears to be preferable in every r3- 
A betrerme ^P! 3 ^ 5 fr is this ; with, four tides of wood I have conftruCted a 
thod; by wire* .frame, the length of which, is about 20 inches, the[ breadth 16* 
©naflatcuihion. ancl thickpefs three quarters of an inch. 1 have coveted the 
$wp feces with woollen cloth rather open and foft, and have filled 
fee intermediate (page with other loofe and foft woollen. cloth* 
fo as to form a flat cufhion three quarters of an inch thick. 

; I baye very fmall iron wires, bended at light angles at th« 
two epds, whiph are pointed and poliftied. Thefe iron wires 
areepfijy frxedjn the cufhion, and foretimes in relief* which 
nothing can derange.; T.have an ^(foxttnentjof all lengths, as 
-well as circles, -.fenvncircles, parabolas,’ ellipfos, &c* Lnftly* 
i , haye^ Je$cr§ in relief, with a* pioint \n order to fix them on the 

Wffefon. - \ . . r 

This method is means of this little apparatus, there is no ^ figure in geo- 

very ready and ,^e|Lrv* however complicated, but may very fpeedily be re- 
eomprehenfive. prefented ; n relief . 

We might likevyjfe, and with advantage,; ufe this cufhion 
fop , making, figures with pins and threads ;, but this method, 
though better than that of Saunderfon, is not fo good as the 
iron wires, here deferibed. Experience is decifive in this re- 
fpe£t. 

and is applicable It is eafy to perceive that the above method is likewife the 
to mufic, &c. belt for the notes of mufic ; but the limits I have adopted will 
npt allow me to enter into further details. 


XI. Objbrvatiam 
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XI. 

Obfervations on the real Nature of the Precipitates formed by the 
Pnffiates in Acid Solutions of Barites , and the Affinities qf the 
Pruffic Acid*. By Citizen Guyton. 

BeRGMAN announced, that the acid folutions of barites Precipitation of 
are precipitated by the faturated Pruffian alkali. This fa6t, 
confirmed by the obfervations of a great number of chemifts, fidered as an ia- 
appeared to many as a new indication of its metallic nature, 
already fufpedied on account of its great weight. Lavoifier in 
particular thought it very probable, that the difficulty of re- 
ducing it to the metallic ftate proceeded from its having more 
affinity with oxigen than carbon f. 

The little fuccefs of the attempts to effedt this reduction This notion 
having in fome meafure caufed the notion of this compofition abandonc ** 
to be abandoned, the attention was again fixed by the pheno- 
menon of the precipitation of an earth by a re-agent, which 
according to the generally received opinion, afforded a cha- 
radteriftic indication of the prefence of a metal. It was then 
fufpedied to be owing to fome accidental caufe. M. Meyer and the prccipL. 
of Stetin, announced in 1786, in Crell’s Annals, that the^^^J^R,. 
prnlliate of potafh, if very pure and carefully prepared, did 
not precipitate barites from its folutions. Kirwan and Klap- 
roth adopted this opinion from their own experiments. Moft 
chemifts however continued to believe that the precipitation 
took place, whatever might be the meahs of purification of 
the proof liquor. Pelletier, amongft others, fuppofed k one 
of the moft efTential diftindtive charadlers of barites and ftron- 
tian J. 

Some time ago being defirous to try a pruffiate of lime re- Carbonate of 
cently prepared with lime of marble, and very clear, I poured 
into it a fokition of carbonate of potato. The liquor inftantly lime, 
became milky and opake. As it is certain that no metallic 
fubftance was prefent, I could only attribute this decompofi- 

* Read at the fitting of the clafs of Philofophical and Mathe* 
jnatical Sciences of the Inftitute, the 2d Thermidor in the year 
10, andinferted in the Annales de Chimie, XUII. 185. 

+ Traite Elemental re, &c. Vol. I. p. 174. 

J Mem. de Chimie^ Vol. II. p. 454. 

Vot. III. — November, 1802 . O lion 
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by double affi«- t'on to a change of bafe of the two falts by double affinity. 1 
**y- then purpofed to examine whether this might not be abfolutely 

the fame phenomenon which had given rife to the fulpicionof 
the metallic nature of barites. 

Mr. Henfy’s I was anticipated in thefe refearches by Mr. W. Henry, 
ftom'the^hilof ^ as f uccee( lcd placing this point of theory in the cleared 
Journal. light ; I (hall repeat in a few words the experiments that led 
him to it, and which he publiffied in Mr. Nicholfon's Journal * ; 
after which I distil make fome refledlions upon one of the con- 
fequences he deduced from them, which appears to me to re* 
quire amendment. 

Pruffiate of ba- Mr. Henry's firft object was the dire6l ^ompofition of pruf- 
yitcs formed, fj a t e 0 f barites, in order to obtain a perfe6tly pure pruffiate of 
potaffi : the following is his procefs, which he affirms that he 
carried into effect, and was fuggefted to him by. ohferving the 
decompofition of the fulphate and carbonate of potaffi by the f 
pruffiate of barites. 

by calcining the He calcines the carbonate of barites ; he diflblves this earth 
carbonate of ba- j n boiling water, and adds Pruffian blue till it is no longer dif- 
the earth in coloured. The filtered liquor lometimes becomes turbid by 
water, and add. coo Ji n a an d depofes a little oxide of' iron. He filters it again,, 
till it is no Ion- and at the end of Leveral hours lmall yellowiffi cryltals are 
gtr dtfealoured formed, which are the pruffiate of barites.. He obtains an 
fei sing ^he • additional quantity by evaporation. 

acid. This pruffiate of barites in powder is thrown into a hot fo-, 

puffiate^f ba- d l^ 011 °f carbonate of potaffi, until it no longer r^flores the 
rites is dccom- colour of blue paper. The author obferves, that it is better to 
nat^of^otafh” em pl°J niore pruffiate th^n is neceflary for the decompofittom 
and thus gives* of the carbonate. He cjigefls the mixture for about an hour j 
fine cry ftals °f . then filters the liquor, evaporates it flowly, and obtains by 
a fh. this method very ffine crjftals of pruffiate of poffiffi. 

Laft purification Thefe cryftajs neverthelefs fometimes contain as much ^ 
V »cctous a«id« o.24 of oxide of iron ; the greateft part of this is depurated hjc 
digeffing the liquor before filtrated, with a little acetiq acid 4 
which has the advantage of forming with the potaffi an an-, 
cryftalli zable fait, and confequently cannot mix with the cr/- 
ftals of the pruffiate. 

The precipitated carbonate of barites may -again be afed ba- 
the fome operation, < *> 

* Vol. IV. Qaa rto> p* 30* 

. - 1 Let 
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Let us now obferve the ufe Mr. Henry made of the pruffiato* 
fcf potafh thus prepared to refolve the controverted question . 

He poured fome of it into a folution of muriate of barites. The pure pruf- 
No precipitation followed ; the mixture was not in the lead Jjj^not 
difturbed, and he was inclined to think with Meyer and Klap- t&te the muriatf? 
*oth that a pure pruffiate does not precipitate barites. °^ nte8 at 

But having obferVed the mixture half an hour afterwards^ but ?t did in hate 
he perceived fmall cryftals forming on the tides of the veflel j an il0ur " 
tod at the end of fome hours they wete confiderably aug- 
mented. 

Thefe cryftals when examined prefented the following cha- 
fafiers : 

1. They are very fparingly foluble in cold water; one chara&er of th# 

jounce is required to diflblve a quarter of a grain *. precipitated cry* 

2. Warm water diiTolves them rather quicker, though in a 
Very fmall proportion. 

3 . Thefe folution s afford with fulphuric acid and fulphate of They were un- 
potafh a precipitate of fulphate of barites; and Pruffian blue l oubtC f^L| ?ruf " 
with fulphate of iron. * , 

4*. Thefe cryftals are completely diftolved in muriatic acid 
diluted with water, and this folution afforded unequivocal 
figns of the prefence of pruffiate of barites. 

5. Thefe cryftals heated to rednefs in a filver crucible be- 
came black, and loft their form ; muriatic acid poured on the 
coaly refidue produced an effervefcence, and muriate of ba- 
(ites was formed. 

Mr. Henry draws feveral confequences from thefe faffs. Indu&ions froi* 
Th afirjk that he was deceived, as well as thofe who an- thefe 
nounced, that pure barites does not decompofe pruffiate of 
potafh. 

The fecond, that barites ought to be placed’ before potafh iti 
the column of affinities of pruffic acid. x 

The third, that the precipitation effected by pruffiate of 
potafli in a folution of muriate of barites, is the product of a 
double affinity. 

The fourth* that barites differ* m this rcjpeft from the other 
eprth*! and approaches the metok. 

Of thefe fopr proportions, the three firft feem to me to be 
open to no objection; for though Mr. Henry does not relate 

* As the Engfifh ounce is here fpqken of, which contains 480 
grains, cold water 6nly diflolves about 0,0005 of its weight.— G. 

G % an| 
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any dired experiment on this fubjeCt, it is known, and Ihav# 
myfelf obferved it, that the aqueous folution of barites poured 
into a folution of alcaline prufliate, decompofes it by fimplt 
affinity. 

O^edion to the It is not the fame with the laft conclufion df Mr. Henry; 
larite* f° r though thefe acid folutions of barites are decompofed by 

feoaehes to the the alcaline prufliates, precifely like the metallic folutions by 
netalc i the way of double affinity, or the concurrence of divellent 

forces which determine the exchange of bafes, it in no refpeCfc 
follows that barites is on that account removed from the 
hecaufe thepre. earths, or approached to the metals. If that were the cafe, 
doohk^ffinity ^ ame niuft be aflerted of all fubftances, which prefent the 
and happens fame phenomenon, and it would no doubt be a matter of fur* 
alia P rize to rea ^ on * n g lead us to affimilate to the metal* 

Bts, Ume, Jircmtian, magnefia , potajk , foda, and even amnonia, 

fince the Pruflic acid can take all thefe bafes from their fol. 
vents when the fum of the divellent affinities is in its fa- 
vour. 

samely potaifc j I have proved this' in the cafe of potajk by the experiment 
already related, where it is feen that it takes the Pruflic acid 
from the lime, and yields to it the carbonic acid, 
foda; This eflfeCt is (till fpeedier with carbonate of foda, and pruf- • 

fiate of lime. 

firondan j The folution of nitrate of ftrontian , is likewife decompofed 

by the prufliate of lime. 

1une| If a few drops of prufliate of lime be poured into a folution 

of fulphate of ammonia in five or fix minutes, a whitifh frothy 
film of the thicknefs of about a quarter of an indi thick fwims 
at the furface, and is at lafi depofed in fmall flakes, 
magnefia; Laftly, fulphate of magnefia mixed with prufliate ©f lime 

becomes clouded, and a precipitate is formed, 
and becaufe the Let us therefore return to the true caufe of thefe pheno* 
i^tletf y,nena > the a ^* on double affinities in which we ftill 

diftin&ive cha- trace the Ample elective attractions, the order of which is to- 
jm&cr of bodies, tally independent of that feries, or arrangement in which we 
place fuch fubftances as have feveral other properties in com* 
mon. Therefore the ftation which barites holds before pot- 
afh in the columns of the attractions of pruflic acid, ought 
no more to be applied in its claffification, than the pofition of 
lime before the fixed alcalis in the columns of the oxalic, tar* 
trnrous, and boracic acids# &c. With much more foundation 
4 it 
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ft has l)een propofed to rank barites with the alcalis, whofe 
chemical adion it in fa 6fc performs in many circumftances, but 
from which it however differs, as I have elfe where obferved *+ 

In fome charaders, which may be confidered as limits, and 
particularly by its infolubility in alcohol. 

= ■' x 

XII. 

i Review of fome Experiments , which have been fuppofid to 
dijprove the Materiality of Heat . By William Henry. 

From the Memoirs qf the Literary and PMlofophical Society of 
Manchefter, Vol. V . Part //. 

The following remarks, on the fubjed of heat, were written Preface, 
loon after the publication of Count Rumford’s Inquiry con- 
cerning the Source of the Heat evolved by Fridion ; and of 
the interefting effays of Mr. Davy, which appeared in Dr. 

Beddoes’s Weft Country Contributions. They were trant 
mitted to Dr. Beddoes, for publication, about the clofe of the 
year 1799 ; but circumftances, with which I am unacquainted, 
have, I believe, induced the Dodor to decline the continuation 
of his periodical work. Thefe circumftances I deem it.necef- 
fary to ftate ; becaufe, had the effay been written nearer the 
period of its publication, it would probably have affumed a 
very different form. At prefent, I have not leifure to review 
the fubjed, or to attempt any material alteration ; and ftilj 
lefs, to examine whether I have been anticipated by any of 
the authors whofe effays have been publifhed during the two 
Jaft years. 

A Review of fome Experiments, which have been fuppofid to 
difprove the Materiality of Heat . 

It has long been a queftion among philofophers, whether Ogeftiao whs- 
the fenfation of heat, and the clafs qf phenomena arifing from therbeatbymst- 
the fame caufe, be produced by a peculiar kind of matter, or ter * rmgtl0,u 
by motion of the particles of bodies in general. The former of 
thefe opinions, though far from being univerfally adpiitted, is 
now moil generally received ; and the peculiar body# to which 
the phenomena of heat are referred, has been demonftrated by 
M. Lavoiiier, caloric. Againft the dodrine of the French 

• Annales de Chunk, Vol. XXXI. p« £67. 
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fchool Come forcible arguments have lately hew advaneed by 
Count Rumford and by Mr. Davy, bath of whom have adopt- 
ed that theory retpeding heat, which affigns, as its caufe, * 
motion among the particles of bodies. . . • * 

Mr. Davy’s op- The method of reafoning, employed by Mr. Davy, in 
maueTo? heat is proving the immateriality of the caufe of heat, is the reduQio 
by redu&w ad eb» ad abfurdum, i. e. the oppugned theory is affumed as true* 
Jurdum . together with its applications ; and fads are adduced, diredly 

corttradidory of the affumed principles. 1 (hall take tfeeii her ty 
of offering a ftatement of the argument, rather different from 
that of Mr. Davy ; though I trull without nw&eprefeatation , 
or any material omiffion. 

Another ftatc- Let heat be confidered as matter j and let it be granted, 
in^the ejdftence temperature of bodies depends on the prefence of un- 

•f caiwic, &c. combined caloric. Now, if the temperature of a body be in-; 

creafed, the free caloric, occafioning that elevation, muft 
proceed from one of two fources; either, 1 JHy, It may be 
communicated by furrounding fubffances; or, 2dly, It may 
proceed from an internal fource, i. e. from a difengagement 
of what before exifted in the body, latent or combined. But 
the temperature of bodies is uniformly increafed by fridion and 
percuffion, and, neceffarily, in one of the foregoing modes. 
Heat by fridion Mr. Davy found, by experiment, that a thin metallic plate 
in vacuo, was heated by fridion in the exhausted receiver of an air- 
pump, even when the apparatus was infuriated from bodies 
capable of fupplying caloric, by being placed on ice. This 
experiment he confiders as demonftrating, that the evolved 
caloric could not be communicated by furrounding bodies, 
does not exclude To the inference deduced from this experiment it may be 
caloric, obje&ed, that the mode of infulation was by no means perfed. 

Admitting the vacuum produced by the air-pump to have been 
complete, (till the fupply of caloric could not thus be inti rely 
becaufe a vacn r cut °ff 5 hnce k has been (hewn by Count Rumford, that ca- 
um conducts. ] or * lc paffes even through a torricellian vacuum. If, therefore, 
fridion produce in bodies foroe change, which enables them 
to attrad caloric from furrounding fubftances, this attradion 
may be equally efficient in an exhaufted receiver, as in one 
containing an almofphere of mean denfity. It would be ah 
interefting fubjed of experiment, to determine the influence of 
atmofpheres of various denfi ties, as condudors of caloric; for, 
fince effeds arc proportionate te their caufes, and it is afeer- 
3 tained 
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tained that common air conducts caloric better than it is con- 
veyed through a vacuum, as 1000 is to 702, it may be exped- 
«d that the ratio will hold in all intermediate degrees. 

In Count Rumf'ord’s mafterly experiment, the metal, fub- In Count Rum* 
mitted to fridion, was encompafled by water; and air was r^ntsYphilof. 
carefully excluded from thefurfaces in motion. Yet the water Jour. 4to, II. 
became hot, and was kept boiling a confiderable time. In this ^f^p. 
cafe, the only obvious fource of caloric, from without, was pofcd to be ab- 
through the borer employed in producing the fridion ; if it be the 
true, as the Count has obferved, that the water could not, at time, 
the fame inftant, be in the ad of giving out and receiving heat. 

The fame objedion to the communication of heat, from an ex- 
ternal fource, exifts alfo in thus explaining Mr. Davy’s experi- 
ment : but I cannot admit that the argument is demonftrabve, 
in proving the evolved caloric not to be derived from external 
fubftances; for no abfurdity is implied in fuppofing, that a 
body may be receiving caloric in one ftate, and giving" it out 
in another. We have an example of the fimultaneous admif- 
fion find extrication of a fubtle fluid, the materiality of which is 
admitted by Mr. Davy, in an excited eledric, which, at the Inftance in elec- 
very fame inftant, receives the eledric fluid from without, and trlclty ' 
transfers it to the neighbouring condudors. In an ignited 
body, alfo, the two procefles of abforption and irradiation of 
light, are, perhaps, taking place at the fame moment. 

II. Another caufe of the increafe of, temperature in bodies. In bodies which 
is the liberation of their combined caloric ; and, if this be a but' do 

fource of temperature, the abfolute quantity of caloric in a body not have their 
niuft be diminiflied by fridion. That no fuch diminution really ^ dimi ~ 
takes place, we have the evidence of two experiments — the 9 

one of M*. Davy, the other of Count Rumford. Mr. Davy, 
by rubbing together two pieces of ice, converted them into 
water. Now water, ex hypotheji, contains more caloric than 
the ice from which it was formed ; and, on the fame hypothe- 
fis, the abfolute quantity of caloric in ice is diminiflied by fric- 
tion and liquefadion, which h abfurd. Count Rumford alfo 
alcertained, that the fpecific heat of iron was not diminiflied 


when converted by a borer into turnings, and confequently 
when it had been the fource of much temperature. In expla-ft ma y befui* 
nation of thefe fads, we may be allowed to aflume the commu-^^^th* 
pication of caloric from furrounding bodies, till this communi-out; 


cation has been demonftrated to be impoffible. But even were 
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ihe irapoflibility eft abli died, it would yet remain to be proved, 
that the evolved caloric does not proceed from an internal 
fource ; and this can only be done by an accurate companion 
* of the quantity of caloric in bodies, before and after fridion* 

and the expert- Now, in inftitutmg this comparifon, it is implied, that we 
lag capacities are P°^ s means of determining theabfolute quantity of caloric in 
questionable. bodies, and that we can compare quantities of caloric with as 
much certainty as we can obtain from an appreciation by 
weight or by meafure. Such perfedtion however does not, I 
apprehend, belong to the prelent ftate of our knowledge re- 
fpedting heat ; for I have always been difbruftful of that part of 
the doctrine, which afligns the ratio of heat latent in bodies. 
The grounds of this diftruft I lhall ftate pretty fully ; for, if it 
can be proved that we have no accurate conceptions of quan- 
tity, as appertaining to heat, all arguments againft its materi- 
ality, derived from fuppofed determinations of its quantity, 
mult be inconclulive. 

It is afferted that The only clear conceptions which the mind has of quantity, 
eonccpdon^of are derived either from a comparifon of the magnitude, or of 
quantity arc the gravity of bodies. In the inftance of caloric, both thefe 

2°weight* mtUdC m °d es menfuration fail us. We cannot efiimate the bulk of 
a fubftance which eludes our grafp and our vifion ; nor have 
we yet fucceeded in comparing its gravity with that of the 
grofler kinds of matter, which it furpafles in tenuity beyond all 
■either of which comparifon. Our notions of the quantity of caloric are derived, 
hTcaloric. 1 1 not from fuch fimple judgments, but from complicated pre- 
cedes of reasoning, in the fteps of which, errors, fatal to the 
whole, may perhaps fometime appear. 

Caloric is pecu- Whatever be the nature of caloric, whether it be a body Jlti 
menf s being de- generis, or a quality of other bodies, its eflfe&s are peculiar and 
■oted by expan- appropriate ; and, like ail other fads, bear a proportion to 
ions* the ener gy 0 p th e i r caufe. Expanfion, for example, it is proved 

by experiment, keeps pace with the adual increments of heat ; 
and on this principle is founded the thermometer, the great 
agent in the acquirement of all our ideas refpeding heat, both 
abfolute and relative. The competency of this inftrument, 
however, to afford information of the quantity of caloric, i* 
limited by -the following circumftances : 

Thcthermome- \fi 9 The mercury of the thermometer indicates only thfc 
abfolute 3 quand- quantity of heat which it has itfelf acquired, and by no means 
ties, that contained in furrounding bodies. 2 dly, The fcale of ex-p* 

panfion 
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panfion is wholly arbitrary, commencing far from the abfoluU 
privation of heat, and felling fer (hort of its maximum. 3<%, 

The caloric, latent m bodies, or chemically combined with 
them, has no effe6fc on the thermometer. 4-tfdi/, The experi- and the laws de- 
ments of Dr. Crawford, though fufficient to (hew that the crawfordapply 
expan (ion of the mercury of the thermometer bears a ratio to only to a 
the a&ual increments of heat, in any temperature between the P* rt °fthisfcaie. 
^boiling and freezing points of water, by no means prove that 
this proportion holds univerfelly. 

Equal weights of heterogeneous bodies, it is prefumed, 
contain unequal quantities of caloric ; and the ratfo of thefe 
quantities is approximated in the following manner. 

Equal weights of the feme body, at different temperatures. Common me- 
give, on admixture, the arithmetical mean: but equal weights thetauo^of 
of different bodies, at different temperatures, afford a tempe-Ioric by the com- 
rature which varies confiderably from the mean. Thus a pound 
of water at 100 degrees, and a pound at 200*, give the tem- the mean, 
perature of 150° ; but a pound of water at 200*, and a pound 
of mercury at 100°, afford, not the mean, but a temperature 
confiderably higher. Hence it follows that a pound of mer- 
cury has not the power of fixing and retaining fo much caloric 
as a pound of water : and the fixation of more heat, by the 
water than by the mercury, is afcribed to the fuperior energy 
of a power inherent in both, and termed capacity for caloric. 

From an extenfive feries of experiments Dr. Crawford in- Capacities per- 
fers, that the capacities of bodies are permanent, fo long as c^forcPs fa 
they retain their form. Thus, the capacity of water has to potfaefii, 
that of mercury the ratio of 28 to l, % at any temperature be- 
tween 32° and 212°. The difference of capacities of bodies, 
it is inferred, therefore would continue the fame, down to the 
abfolute privation of temperature. Imagine, then, two bo- 
dies at this point of privation : they may dill contain unequal 
quantities of combined caloric; for, when chemically com- 
bined, caloric does not produce temperature. On Dr. Craw- not applicable at 
ford's hypothefis, thefe comparative quantities of combined £ emote un - 
caloric, in the two bodies, n\ay be learned by observing the tures, 
ratio of temperature, produced, by the addition to each, of 
fimilar quantities of heat. This fuppofition, however, is ma- 
nifeftly gratuitous; and the contrary might be maintained 
with equal or greater probability : for it may be fuppofed that, 
at this affumed negation of temperature, one body rendera 
„ latent 
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latent more caloric than another, becaufe it actually contain* 
lefs 5 as certain dry falls attract more water from the atmof* 
pbere than others containing much water of cryftailization. 
mk pnAsMs* The commonly employed mode of afcertaining the fpecifie 
Caloric of bodies, is founded, therefore, on an afliimption, 
which is deficient in the charter of a datum, and which ilfelf 
requires proof. 

If thefe objeftions be valid, they will apply alfo to (hew the 
lute zero, falla« * falla. c y of the theorem, for finding the Abfolute zero of bodies. 
$ious. By this term feme phifoTophers appear to underftand the point 

of abfolute privation of caloric, both free and combined. I 
apprehend, however, that in drift propriety it can only be ufed 
to fignify the negation of uncombined caloric, or, as Dr. Craw- 
ford expreflfes himfelf, the point of abfolute doM. As applied, 
however, to water, it is evident that the whole quantity of 
t*hc method. heat is underdood. In afcertaining the zero, fay thefe calcu- 
lators, the capacity of ice to that of water is as 9 to 10. It is 
plain, therefore, that when water freezes, it mud give out ^th 
of its whole heat, and this 10th part is found to anfwer to 1 46* 
of Fahrenheit. Consequently its whole heat is 10 times 146, 
or 1 460° ; and hence the natural zero is 1 460 — 32 or 1 428°. 
Now of this eftimate it is a datum, that the capacities of ice 
and water have precifely the above ratio. But if the general 
formula, for afcertaining the fpecific caloric of bodies, be 
founded on erroneous principles, it cannot ferve as the ground- 
work of any folid conclufions. 

Arguments The materiality of caloric may, I apprehend, be maintained, 

doftrine^thcrc- admitting that we have made any fteps towards deter- 

forc prove no- mining ks quantity in bodies; and the arguments of Count 
thing either way* Rumford and Mr. Davy are hot demondrative, becaufe they 
aflTume, that this part of the doftrine of caloric cannot be relir,- 
quifhed, without abandoning it : in toto. I may be permitted, 
therefore, to date my reafons for believing caloric to be matter; 
which would have been unneceflary, had the contrary been 
proved, with all the force of mathematical demondration . 

That caloric it Avoiding all metaphyfical reafoning on-the nature of matter, 
m * tter * and affuming the generally received definition, as fufficiently 

charafterizing it, I foal! examine how far this general charac- 
becaufe it ex- ter of matter applies to the individual— caloric. Caloric oc- 
and^hereforeoc- ctt P* es fpac® or is extended, becaufe it enlarges the dimenfions 
cupies fpace, and of other bodies ; and, for the fame reafon, it is impenetrable, 
la impenetrable: dnee 
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fonce if it could exift, at the facie time, in the Cane place, with 
Other bodies their volume would never be enlarged by the ad- 
dition of heat, Of form or iigure, as only a mode of exten- 
fioni it is unneceflary to prove that caloric is pofleflTed ; and in- 
deed there is perhaps only one general quality of matter that 
wiU not be allowed it, viz. attraction. That calorjc is in- Ithainotbeen 
fiuenced by the attraction of gravitation, or by cohefive attr&o 
tion, has never yet been proved. Yet the various expert* 
fleets of Button, Whitehurft, Fordyce, Pictet, &c. cannot be 
^Hedged as propfs, that it is actually devoid of this property \ 
fince they only decide, that the fmall quantities, which carv be 
artificially collected, are not to be fet in the balance againft the 
grofler kinds of matter. One kind of attraction, that which 
has lately been termed chemical affinity, may, I think, lifter a 
full furvey of phenomena, be fairly predicated of caloric— and 
if its pofleffion of this quality be rendered probable, we (ball 
thence derive a powerful argument , in favour of its mate- 
riality. 

. That; chemical affinity has a confiderable (hare in producing It appears to 
the phenomena of heat, appears probable from the following 
confi derations : 

!. All the characters, diftinguiffiing caloric when feparate, fe its j*p- 
eeafe to be apparent, when it has contributed to a change of ^mWoaSo^ *'* 
form in other bodies ; and the properties of the fubfiances fo 
changed are alfo materially altered. Now this is the only 
pnequivocal mark of chemical union that we can apply in any 
ipftance ; and chemical union implies the exigence 'and ef- 
ficiency of chemical affinity. 

Q. The refetion of caloric to different fubftances, appears and it thews 
fo obferve that peculiar law, which, ip other inflances, is ^^ v . c affin,tyi 
termed 6le£tive affinity. If a compound of two or more prin- 
ciples, a piefoJUc oxide for in fiance, be expofed in a high tem- 
perature, the caloric forms a perfect union with the one, but 
pot with the other* In certain inftances, caloric w evolved 
when two fubfUnces, attracting each other more powerfully 
than they attract caloric, produce, on admixture, an elevation 
of temperature. In Other inftances, caloric is abforbed when 
it is attra^ed by the new compound more firongly than by the 
feporate components. Such fa£ts warrant the deduction, that 
caloric is ffibjedl to the laws of Chemical affinity. But the pre- 
pfe pider of it# affinities remains to be decided by future expe- 


riments. 
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on the Materiality op caloric. 

S. Caloric feems alfo, on fome occafions, to bear a part iti 
the operation of double elective affinities. In this way it pro- 
duces decompofitions, which, by tingle affinity, it is incapable 
of effecting. Thus a moft intenfe fire does not expel intirely 
the carbonic acid from alkalis. But when the affinity of art 
acid for an alkali concurs with that of carbonic acid for caloric, 
a decompofition enfues. — Again, water may be fubmitted tef 
the higheft temperature, without imparting a gafeous form to 
the hidrogen which it contains ; but the confpiring affinity of 
a metal for oxigen occafions the production of hidrogenout 
gas. On this principle, many chemical fads are refolved into 
the law of double affinity, which are, at prefent, explained by 
that of tingle eledive attradion. 

- 4. Caloric ads, fomethnes, as an intermedium in combin- 

ing bodies, which, without its aid, are not fufceptible of com* 
bination. Thus carbon and oxigen do not evince any ten- 
dency to combination, at the ordinary temperature of the at- 
mofphere ; but caloric brings them into union, and conftitutes, 
itfelf, part of the refulting compound. This, and a variety 
of other in fiances, have a flriking refemblance to what is call- 
ed intermediate affinity . 

In the theory of Dr. Crawford, no influence is allowed to 
chemical affinity over the phenomena of heat ; and indeed that 
philofopher expreffes a decided opinion, that elementary heat 
is pot capable of uniting chemically with bodies. Hence it 
appears, that the difference between the terms affinity and 
capacity is not merely a verbal one ; but that they are adually 
Cxpreflive of different powers or caufes : and the queftion, 
therefore, which of thefe terms fhall be adopted, in the de- 
feription of fads, is one involving the determination of 
caufes. 

The term capacity for heat is employed, by Dr. Crawford 
and others, to denote, in the abftrad, that power, by which 
different kinds of matter acquire different quantities of caloric. 
But in the various applications, that are made of this theory, 
a more precife meaning is often affixed to it ; and the term is 
applied, in much the fame fenfe, which it has in commofr 
language. When thus underftood, a difference of capacity 
neceflarily implies a difference in the extent of thefpaces, 
between the minute particles of bodies ; and that thefe diffe- 
rences occafion the varieties, obferved in the acquirement tif 

beatr 
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heat by different bodies; On this theory, there is no aSive It ufually im- 
principle or power inherent in bodies, and more a6tive in bu^mcreloca- 
ibme than in others,— no tendency in the matter of heat to Hty. 

Attach itfelf, in preference to any one fubftance. The af- 
iigned caufe of the phenomena of heat is not, I apprehend, 
adequate to produce the effe&s afcribed to it. 

On the theory of capacities, a change of form is, in certain By this theory 
infiances, antecedent to the abforption of caloric. Thus, * hc c !* angc 
when ether is converted into gas, on removing the prefliire precede the 
of the atmofphere, according to this hypothefis, the capacity 
•f the ether is increafed by its volatilization ; and the change 
of form is prior to, and the caufe of, the abforption of caloric. 

The order of events, then, in the volatilization of ether, is 
firfl an alteration of form ; next a change of capacity ; and 
lafily an abforption of caloric. On this hypothefis, ether may 
cxift in the fiate of gas, without containing a greater abfolute 
quantity of caloric, than in a liquid form. But fuch an inter- 
pretation of phenomena is dire&ly contradictory to an efta- 
blifhed principle, admitted, even by thofe who prefer the 
doCtrine of capacities, viz. that all bodies, during their con* 
verfion from a fluid to a vaporous fiate, abforb caloric. It is 
at variance, alfo, with obferved faCts ; for if a thermometer 
be immerfed in a portion of ether, confined under the receiver 
of an air pump, the temperature of the ether will be found to 
.fink gradually, during the exhauftion of the air ; and the eva- 
poration becomes proportionally flower, till, at laft, it is 
Scarcely perceptible. We may, therefore, infer, that at a 
Certain point of dirainiihed temperature, the volatilization of 
Other would entirely ceafe, if the fupply of caloric, from fur- 
rounding bodies, could be completely intercepted. But on 
$he theory of capacities, the evaporation fhould proceed as 
rapidly at the clofe, as at the commencement, of the procefs 
—or, in other words, evaporation fhould be wholly indepen- 
dent of temperature, which every one knows is contrary to 
&&• * 

It may be confidered therefore, as extremely probable, that Whence it it 
the tendency of ether to aflume a gafeous form depends on its thlTefftaa 
chemical affinity for caloric. But, (it may be afked) how is arife from affi- 
this affinity countera&ed by an increafed preffure, and aug-^* 
mented by a diminifhed one t 

A cir- 
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Mechanical A circumftaac«, abfolutely effential to the fcffflatkiii tit 
S fomuSTST®*^ * s * ***** ^ ree fhall be allowed for their expsmfioru: 
gas } but is w i Mechanical preffure a&s as a counteracting force to this ex-* 
agafnft U this doc P an ** on > and either .prevents it completely, or partially, ac- 
iriac. cording to the degree of its application. But from this fe6& 

no argument can be drawn agafnfl the exHignce of chemical 
affinity, as an attribute of calorie* Two oppofite forces in 
phyftcs may be fo balanced, that neither foal! produce i*s ap- 
propriate effe£t. Thus a body, impelled in contrary direct 
lions, may remain at re#, yet the operation of the oppoftn^ 
forces, in this cafe* cannot be denied!. Even, in chemiftry* 
we have uneqoivocal examples, in which the action of the 
affinities is fuppreffed by more powerful caufes. Thus bodies* 
that have a ftrong chemical affinity, are kept perfe£Uy diftindfc* 
even when placed in contact, by the affinity of aggregations 
The only inference, then, that* can fairly be adduced from 
the effe&s of preffure, in preventing the formation of gates, is, 
that it is a power, foatetimes faperior, in energy, to that of 
chemical affinity. 

Caloric having Since, therefore, caloric is characterized by all the proper- 
all the proper- ^ except gravity, that enter into the definition of matter, 
but gravity may we may venture to connder it as a dutrnct and peculiar body* 
be taken to be ' n j^ f deficiency of gravity fufficient to exclude it front 
the clafs of material fubftances. Such nicety of arrangement 
might, with equal propriety, lead us to deny the materiality 
of light, the gravity, of which has never yet been proved i for, 
feeidea the experioaeiitt of Mr. Michell, which failed fo afcev* 
laintagthw property of light, we have feveral chemical fa6ta 
tending, to the frme condufion. Thus Mr. Cavendifh, after 
firing a mixture of hidrogenous and oxigenous gates, kl a cfofo 
veffiel, a procefc during which much light is always emitted, 
found not the ImaUeft dwrinotion of weights 
phenomena of To* have completed fins defence of the material nature of 
f ^ thofc of * ieaty ^ have been proper to have pointed out the civ-* 
motion* cumftances, in which the phenomena of heat differ from the 

known and acknowkdgedpbettomexia of motion* At prefcnt, 
however, i have not ietfore to posfae the fWbje& at mack 
length; and, though feverai points bf dtiagpeement would 
doubtflefr be found, 1 thatt mention only one of the mo# 
paarked and decifive. 

Motion 


phenomena of 
heat differ 
from thofe of 
motion* 
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Motion is an attribute of matter, independently of which 
it canhot poffibly fubfift. If therefore, the phenomena of heat but®#* 
can be (hewn to take place, where matter is not prefent, we tion turely^sw. 
(ball derive, from the fa&, a conclufive argument agamft that mi tte d where 
theory of heat, which affigns motion as itscaufe. Now, in there is no mat. 
the experiment of Count Rumford, before alluded to, heat 
palled through a torricellian vacuum, in which, it need hardly 
be obferved, nothing could be prefent to tranfport or propa- 
gate motion - This experiment, in my opinion, decidedly 
proves, that heat can fubfift independently of other matter, 
and confequently of motion — in other words that heat n a dip* 
tinti and peculiar body . 


XIII. 

Enquiries concerning the Dilatation of the Gafes and Vapors . 

Read to the National lvJUtute of Jfrance. By Cit. Gav 
Lussac*. 

Art. I. The Objedi of this Memoir , 

Natural philofophers have been long engaged in re^ The refcarchei 
ffcarches on the dilatation of the gafes ; but their labours pre- ? n thc 8 afcs 
fent fuch variations in their refults, that fo far from having ,naccuratc * 
fixed the general opinion, they have on the contrary left us 
great reafon to with for more accurate inveftigations. 

The attention of philofophers has not been equally directed The expanfions 
to the dilatation of vapors. Though the prodigious effedts 
the vapor of water has long been known and applied with the mined, 
kappieft effect, Ziegler and Bettancourt are the only pfcrfons 
who within my knowledge have attempted to meafure them. 

Their experiments however are not adeqpate to (hew the true, 
dilatation of the vapor ; for as there was always water in their 
apparatus, every new degree of heat not only produced a 
dilatation of the vapor formed by the preceding degrees, buk 
alto increased the volume by the formation of new vapors; 
two caufes which evidently tend to raife the mercury in their 
manometer f. 

The 

* From the Annales de Chimie, XL I II. 18?. — • 
f The apparatus of Bettancourt conftfts in a boiler of copper 
clofcd by a cover of the fame metal, through which pafs 4 three tubes. 

The 
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The thermome- The thermometer, as it is at prefent conftru&ed, cannot be 

SicatTSwrea?" a PP^ ec ^ to point out the exa<5t proportions of heat, becaufe we* 
quantities of are not yet acquainted with the relation between its degrees 
and the quantities of heat. It is indeed generally thought 
that equal divifions of its fcale reprefent equal tenfions of ca- 
loric ; but this opinion is not founded on any well decided 
fad. 

Numerous de- We mud admit therefore, that Vve are (till far from poffef- 
fophy 8 and P thc° - P°fi** ve knowledge refpe&ing the dilatation of the gafes 
arts for the and vapors, and the correfpondent march of the thermometer ; 
die°»panfion^of never ^* e l e fs* we. have daily occafi on in natural philofophy and 
gas and vapor, chemiftry to reduce a given volume of gas from one tempera- 
ture to another, to meafure the heat difengaged or abforbed 
in the changes of conftitution of bodies ; or that difengaged or 
abforbed by the fame body in palling from one temperature to 
another ; and in the arts to calculate the effe&s of fire engines, 
or to eftimate the expanfions of various bodies ; in meteoro- 
logy to determine the quantity of water held in folution by 
the air, a quantity which varies with its temperature and its 
denlity, according to a law not yet afeertained. Laftly, in 
the conftru&ion of tables of aftronomical refradion, and in the 
application of the barometer to the meafurement of heights, it 
• is indifpenlible that we Ihould accurately know the tempera- 

ture of the air, and the law of its dilatations. 

The author’s Though thefe con fi derations were of themfelves fufficient 
th?s U work" tS to *° renc * er the enquiry into an objed of fuch general utility 
deferable, yet the difficulty of the refearches it demands would 
have prevented my attempting it, if I had not been ftrongly 
engaged by Cit. Berthollet, whofe pupil I have the honor to 
be. I am indebted to him for the neceflary means of exe- 
cuting this work, in which I have often been affifted by his 

The firft feryes to introduce water, the fecond admits a thermome- 
ter to indicate the temperature of the vapor, and to the third is 
adapted a recurved barometrical tube, to meafure the elafticity of 
the fame vapor. A vacuum is made in the boiler by means of an 
air pump communicating through a tube provided with a ftop cock. 

The apparatus of Ziegler differs little from that of Bettancourt; 
but as Ziegler did not make a vacuum in his boiler, there is a great . 
difference in their experiments and refults. See the Hydraulic 
Archite&ure of Prony, Vol. II.-— G. L. 

advice. 
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DILATATION OP THE GASES. 

advice, and that of Cit. Laplace. Thefe great authorities 
will add to the confidence to which my work may be en- 
titled. 

The experiments which I have Undertaken on the law of The exjferi- > 
the dilatation of gafes and vapors, and the march of the ther- 
mometer not being yet completed, the only objedfc of this me- parative expan- 

xnoir will be to examine the dilatation of safes and vapors at a ^’ 1 ^ rrenc 

® 1 gales and vapors 

determined elevation of temperature, and to fhew that it is at a given tem- 

the fame in all thefe fluids. But before I relate my experi- perature. 
ments, I think it proper to give a fhort account of what has 
been done on this fubje&'j and as I {hall make obfervations 
on each of the methods that have been employed, I fhall pre- 
fix this amount to the examination of one of the principal 
caufes of uncertainty to which this fpecies of experiments is 
liable. Although it is very important, and feems to have re- 
mained unknown to the generality of philofophers who have 
examined the dilatations of gafes, its influence will be fully 
admitted when fimply pointed out. What I fhall'fay of at- 
mofpheric air will apply to the other gafes. 

This caufe of uncertainty is owing to the prefence of water Water in the 
in the apparatus. If a few drops of this fluid be left in a 
ceiver full of air, and its temperature then raifed to that of uiicerSnty^ 
boiling water ; this water when converted into vapor, will 
occupy a volume about 1800 times greater than its primitive 
bulk, and will drive off by this means a very confiderable por- 
tion of the air contained in the receiver. It neceffarily hap- Explanation of 
pens then, that^ when thefe vapors are condenfed, and come c ® 6 ^* 
to occupy a volume 1800 times lefs, a dilatation much too 
great will be attributed to the air remaining in the receiver ; 
becaufe it will be fuppofed that it was this air which at the 
temperature of boiling water occupied all the capacity of the 
receiver. If the temperature be not raifed to this degree, the 
fame caufe of uncertainty will not the lefs exift, and its inten- 
tly will be relative to the height of temperature : for in this 
cafe the water will not entirely evaporate, but the air will 
diflblve more of it in proportion as its temperature is raifed, 
and it will confequently receive a greater or lefs augmenta- 
tion of volume, independent of that occafioned by heat; fo 
that as it pafles to a lower temperature, the Volume of air 
which occupied the whole receiver will dim ini fh for two rea- 
Vo^, III,— November* 1802. P fong. 
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foti&i Ifi. by the lofs of its caloric ; 2d. by that of the water t 
-held ih (ohition. Too much dilatation will* be here alfo attri- 
buted to the air. 

Other liquid*, * , In general, whenever liquids, or even folids, as for exam- 
mayato&tfce P^> muriate of ammonia are inclofed in gafes capable of difc- 
rcfult* folving them, or of evaporating at the temperature to which 

they may be expofed, errors m the determination of the gafe- 
„ . . ©us dilatations muft neceflarily refult. 

Art. II. Short Account qf what has been after taiibed concern* 
ing the Dilatation of Gafts . f 

Hiftory of the . The dilatation of atmofpheric air by heat was known before 
expanfians cf ^ time of Amontons ; but it appears that this philofopher 
gates, &«. was the firft who wifhed to know the extent for a given ele- 

Amonton*. nation of temperature. For this purpofe he enclofed air in a 

bait foWered to the extremity of one of tlie branches of a re- 
ver fed fy phon, and he plunged this apparatus into a bath of 
hot water *. The air dilated by the heat compreflfed the mer- 
cury, and elevated it into the other branch of the fyphon ; fo 
that he judged of the fpring of the air by the height of the 
mercury above the level of the ball. 

From the various experiments made on unequal volumes of 
iur. he concludes : (Mem. de U Acad, 1699, 1702.) 

Amontons’s re- I ft*/' That the heat of boiling water has limits, beyond 
a - lr -which ft does not pals. 

V •; •: 2d. That unequal volumes of air equally augment the 

force of their fpring by equal degrees of heat, and on the 
contrary. 

3d. “ That the heat of boiling water does not augment the 
force of the fpring of air beyond the power of fuftaining about 
;ten inches in height of mercury/' 

mechanically fie then proves, that however comprefled a volume of air 
compreffed. _ m& y be, the beat of boiling water always augments the force 
of its fpring about one third ; that is to fay, that a volume of 
air comprefled, for example, by a column of mercury of 60 l 
. inches, will fuftain (including the weight of the atmofphere) 
.sft the temperature of boiling water* a column of mercury of 

* The air enclofed in the ball, not being able to efcape when, 
mercury is poured in, is found a little lefs in volume than it natu- 
rally is ; but if no other preflure is defired than that of the atmo- 
fphere, it will be very eafy to avoid this flight inconvenience. 

about 
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fcbbut 8>0 irtches. He concludes from this, i( Thatthe (kme Muchforcefrom 
•degree of heat, however fmall it may be, can alwa‘ys f more 
and more augtnent the fpring of air, if this air bears a weight condenfed air- 
mote and more great.” 

If Aihdiitons had begun to reckon from a degree bf heat Amo^tpns 
better determined than that which he called temperate,’ which 
Was then hardly poffible, there might have been deduced froin ter- 
his experiments a fufficiently exa6t dilatation of atriiofpheric 
air ; neverthelefs, as he made them comparatively on volumes 
of air of very unequal denfity, it may be concluded that kdiv* 
ever denfe a volume of air may be, the augmentation of faring it 
receives fi'om the fame degree of heat, is always relative to that it 
pojfejfed before the experiment . 1 ; 

Nuguet, in endeavouring to verify the refults of Amontons, Nuguet’s expe- 
found others very different. In one of his experiments, the 
volume of air dilated by the heat of boiling water, and the Amontons, 

‘ primitive volume were as 2 to 1, and in two others as 16 to 1. T 

His apparatus cohfilted of a bottle, which he plunged reverfed 
into a water bath, and elevated its temperature to that of 
boiling water. It is ealily feen that this apparatus is ek- becaufe his air 
trerhely defedtfve, as the air was always in con tad with the w ? s in contad 
water; and befides, Nuguet had fuffered fomb water to Ye- 
iriain in the bottle. It is no wonder then that be' 'obtained 
fuch difproportioned and extravagant refults. {Mem, de l/ Acad . 

1 708. v Lahire.) * ' !; ' : * ' • t 

This great difference bbt When the rbfults of Amontons and X^reViqpetj- 
Nuguet on the dilatation of atmofphCnc air, and the confide- 
ration that they had fubmitted it to experiments under uncorii- ments. 
toon circumftances, engaged Lahire tb purfUe thefUme ob- 
ject. His apparatus was the fame as that of Amoriton^ J ex- 
cepting that the ball contained a tube, Which he 1 doled ; after 
having introduced mercury. By this 'means, the' merciity be- 
ing on a levdl with the ball and fyphon, * the air’ 6n which the' r ,‘ r r *' 
experiment was made, was not more compreffed than the fdr- . s:, 
rounding atmofphere. With this apparatus Lahire fbund, 
that' air dilated from the degree of temperate to 'that bf bollMg 
water, cohld not fuffam a column of mercury of one third the 
weight of the atmofphere ; he then found In another, the thet- 
• mometer being lower, and the barometer higher than in tfie- ‘ ; ' M -y 

firff experiment; that the air dilated by the heat of bbiKhg * . 

Water, could not' fuftain a column bf mercury as great asm 

P 2 the 
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the firft. Thefe refults are evidently contradictory ; but La~ 
hire not fufpe&ing any error, concluded that it muft be ne» 
ceflarily allowed that the nature of air was yet undifcovered* 
Lahire obje£b Lahire, in order to give a reafon for the difference between 
mcntt rtf Nugiiet refults and thofe of Nuguet, a difference much too great 
on account of not to be owing to fome foreign caufe, remarked, that Nuguet 

water* had i e f t f ome hi s apparatus ; and from hence he 

judged that it might be this water, as it changed to vapor, 
and expelled a portion of the air enclofed in the bottle, had 
prefented fo great a dilatation. He was entirely confirmed in 
his opinion by the refult of an experiment made in Nuguet's 
method, a little water being left in the bottle ; for he found 
that the volume of air dilated from the degree of temperate 
to that of boiling water, and the primitive volume was as 35 
and a half to 1. ( Menu de L’Acad . 1708.) 

Sttncari alio ob- At the fame time M. Slancari of Bologne proved, that water 
floence^f water* a * an e l eva ted temperature augmented the volume of air. To 
thefe two philofophers then is owing the knowledge of the in- 
fluence of water on the dilatation of atmofpheric air ; but al- 
though they placed it by their experiments in the clearefl 
light, it has been fi nee generally mifconceived. The great 
variations in the refults of philofophers on the dilatation of 
gafes, may like wife be attributed to the little attention that 
has been paid to this influence. 

The dilatations It is known that elevations in the atmofphere are given by 
^Mtuence in baT" of the correfpondent heights of the barometric 

lometrical ad- column. If the denfity of the air were always the fame, it 
meafhrtments. would be eafy to determine the height of one place above any 
ether known place by barometrical obfervation. Whence it 
becomes of importance to diftinguifh the caufes that may in- 
fluence the denfity of the air, in order lo make the neceflarj 
corrections in the heights given by the barometer. 

Delucon thebs- Deluc, who has thrown fuch great light on this branch of 
philofophy, difeovered that heat was one of the caufes* That 
he might well diftinguifh its effects, he firft fought the tem- 
perature at which the logarithms give the heights without 
correction, and he found by comparing feveral observations 
made in filiations whofe heights he had exactly determ ihed. 
Temperature of that this takes Pl ace at the temperature of 1 6° £ of the thermo* 
which the logs* meter divided into 80 parts, w hich he calls the fixed tempe- 
the height* rature# To correct the efleCU of heat above and below this 

fixtd 
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fixed point, he compared the heights found by the logarithms 
with thofe which he had meafured, by attributing to heat the 
excefles and deficiences of the firft for the fecond ; and he 
concludes “ that near the fixed temperature, the correction Corre&ion for 
for a degree of the thermometer is to the height of the place *““?«**“*• 

: : 1 : 21 5” ( Recher.fur les modif. de l 9 at. IV. part. ch. III.) 

Colonel Roy difcovered a much greater dilatation in air. Colonel Roy*t 
According to him near the 15° of the thermometer divided 
into 80 parts, the air dilates of its volume for each de- 
gree. He likewife found that humid air dilates much more 
than dry air; but Sauffure obferves, that Colonel Roy having 
introduced into his manometer either liquid water, or the 
vapor of water, confounded two things which ought to be but he produced. 
Separated, namely, the converfion of water into an elaflic xnorcva P? r ^* ' 
fluid, and the dilatation of air united with fuch vapor. (Phil. 8 
Tranfaft. 1777, p. 704.) 

Sauflure fixes the dilatation of air near the 6th degree, at De Sauffure* 8 
yJ-j. of its volume for each degree. His experiments were *efulu 
made in a great receiver, in which were enclofed a thermo- 
meter and barbmeter, to indicate the variations of the tem- 
perature of the air, and the correfpondent elaflicity it would 
acquire. To difeover the influence of water on the dilata- 
tion of air he enclofed in his receiver air more or lefs dry, and 
avoided the production of new vapors. He was fo far from He avoided the 
finding this air more dilatable than very dry air, that he on the 
contrary thought very dry air was a little more dilatable than in this cafe 
very moift ; but always holding its water in perfeCt folution. founddry wrra- 
(EjJaiJUr l 9 Hygrometrie , p. 108.) aMe.” 101 * 

Till this period philofophers had confined themfelves to the The gafet were 
dilatation of atmofpheric air, and the firlt who examined that cxa " 
of the other gafes was the celebrated Prieftley. The following Prieftley*a expe- 
is his procefs : riments. 

After having filled a phial of gas over mercury, he adapts *rh e gat was re- 
to it a bended tube, one of its branches being very inclined, ceivedavermer- 
and he leaves a little of the mercury in the neck of the phial, ex^mfion «o- 
that the expanfion of the gas may make it pafs into the tube, ticed in a re- 
This done, he places his apparatus in a box of wood, joins a cumd tufce< 
thermometer with it, and takes it into apartments of different 
temperatures. The dilated air caufes the mercury to pafc 
through a greater or lefs fpace in the tube, and by this fpace 

meafured 
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meafured in inches, Prieflley difcovered the dilatations of the 
different gafes. As all thefe experiments were made w^th 
the fame phial and tube, which he probably always inclined in 
the fame angle, they gave a comparative refult between the; 
dilatations of the different gafes, but not the ahfolute dilata- 
tions ; becaufe for this purpofe he ought to have known the 
capacity of the part of the tube paffed through by the mercury 
but not with relative to that of the phial, and to have known exa&ly the 
great attention. j nc ij na ^p n 0 f tube. Prieflley fays nothing t of this. I will 
no longer then difeufs his experiments ; particularly as Prieflley 
himfelf does not place much confidence in them, and wifhes 
them to be repeated in a better manner. 

Hii refults as to Suppofing equal volumes of different gafes, the expanfions 
^c^incrctocnts inches on the tube would be for 4°, 44 of the 

thermometer divided into 80 parts. 

Inches, 

Common air - - - - 1,32. 

Hidrogen gas - ' - - - 2,05 

Nitrous gas - - • . 2,02 

Carbonic acid gas • 2,20 

Muriatic acid gas - - - 1,33 

Oxigen gas - - - - 2,21 

A 2 to te gas - - - - 1,65 

Sulphureous acid gas - - - 2,37 

* Fluoric acid gas - - - 2,83 

Ammoniacal gas ... 4,75 

(Exper. and Obfer. &c. Book VII. Se&. VI.) 

Vandermonde, Jn a memoir printed among thofe of the Academy for the 
' Monge, arid year 1786, Citizens Monge, Berthollet, and Vandermonde, 
cbmmoh kir^nd concluded from experiment, that for one degree, atmofpheric 


hidrogen; 

Guy tun and 
Daremois. 


air dilates tbt.TT °* * ts vo ^me, and hidrogen gas 

At length Cit. Guyton confidering the variations in the re- 
fults on the dilatation of atmofpheric air, and that there were 
no direct experiments to determine the dilatation of gafes at 
degrees of heat a little elevated or otherwife, undertook with 
Cit. Duvevnois to examine this objedh As their work is the 
moft recent, I (hall endeavour for a moment to difeover 
what may have affe&ed their refults, 

‘ ' 1 u : ‘ ■' ’ Their 
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^ Their apparatus was compofed of a body with a bended Their experi- 
tube; by which means, the air expelled by heat from the body, ^he gas was ex- 
was received in a jar on the pneumato mercurial apparatus, truded from a 
The body filled with the gas on which the experiment was to oft^bathfwid^ 
be made, was plunged into a bath at the temperature of melt- this excefs re- 
ing ice, and was kept down by an iron coyer. The bath was * eived our mtSw 
fucceffively heated to the degrees 20, 40, 60, and 80, and they 
collected in feparate jars the produ&s of the dilations for each 
of thefe degrees. They then determined the volumes of air 
expelled from the body by meafuring them hi their refpe&ive 
jars after haring reduced them to the temperature of raekifig 
ice, and they determined the volume of that remaining in the 
body.* But fetting afide that their apparatus obliged to af* Objedioa, 
certain many data which muft have been an obje&ion to the 
exa£tnefsof their refults, I remark that after the immerlion The mercury in 

of the bended tube in the mercury, as they did not introduce the tube difturb. 

. . J . . . ed their remit* 

new air into the receiver to difplace the mercury which had 

entered the tube by reafon of the preffure of the mercury in 

the trough fever al degrees of heat muft be required before any 

bubble of air can come out; fo that had they reckoned from 

divifions more nearly together, as from 5° to 5° they would 

have concluded that from zero ; the firft degrees of heat do not 

caufe the different gales to undergo any dilatation. Hence 

they found for the firft twenty degrees a dilatation much too 

weak for the gafes in general. 

This caufe of error, tho* great, would not have made. the Their retort or 

refults of Citizens Guyton and Duvernois fo far from the truth body does not 
it. « „• i. T _ - _ . . , . appear to have 

had there not been a full greater. I fulpect then that their re- been dry enough. 

ceiver was not fufficiently dry,, and that a little water might 
have been introduced with the gas. In fa6t, a decigramme of 
water would have been fufficient to have influenced their re- 
fults very confiderably, particularly in the higher degrees ; for, 
as it changed into elaftic fluid, it would have expelled a gfleat . 
quantity of the air from the receivers. 

Tfie increafing progreffion which they obtained in all the And from this 
gafes is this way explained, whilft they ought to have obtained * aufc the expan- 
a decreafe of volume in the produ6ts of each dilatation were groteft^t^ 
reduced to the temperature of melting ice. I (hall obferve that higher temper- 
£it. Guyton exprefles himfelf thus relative to the dilatation of aturcs * 

:# ^Vuiudcbtdc Chimin, Vo^ I< 

# . , bidrogen 
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hidrogen gas, ( Annales de Chimie, tom, I. page 284.) “ The 
€< four products of the dilatation were in this cafe received in 
* ( a velfel which was furrounded with another veflel filled with 
** ice. Notwithftanding this, the mercury of the trough in- 
dicated by the thermometer 2, 3, 4, 6, degrees above zero, 
€t whilft the water of the bath was at the fame time at 20, 40, 
** 60 and 80 degrees, which may have occafioned fome inac- 
“ curacy in the valuation of each of thefe produdls ; but this 
%< cannot be of great confequence, the dilatation being very- 
^ little in thefe firft degrees. 0 

Hence it may be inferred that thefe philofophers did not pay 
more attention to reduce the volumes of the other gales to 
zero ; and if that was the cafe, this would be another caufe of 
uncertainty in theiF experiments. 

By comparing the volumes of gafes remaining in the retort 
with thofe expelled by heat, Cit. Guyton and Du vernois found 
that oxigen, hidrogenous and carbonic acid gafes and atmof- 
pheric air underwent a diminution, and they attributed the 
caufe of it to the combinations which had taken place during 
the time of performing the experiments. Yet when I ufed 
very pure mercury, deprived of oxide, I could not obferve 
any fenfible action between this metal and the gafes from the 
temperature of melting ice to that of boiling water.. 

(To be concluded in our next.) 


XIV. 

Defcription of a new Secret Lock . By J. B. Berard, 
Preliminary Refefiions. 

Some machines are fo eminently ufeful as to require no difi? 
cuffion in that refpeft. 'They are highly interefting to the 
whole of fociety. Locks are of this number. They are a de- 
fence fupple men tary to the laws, and a remedy for the confe- 
quences of immorality. From the lowed to the higheft ranks 
in the ftate, there is no one who does not derive daily advan- 
Secret locks j tage from this invention. And accordingly different artiftr 


Grest utility of 
locks. 


* From his Melanges Phyiico Matbematiques. Paris, an 9. 
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have fuccefsfully employed therafelves upon them, to the pro- 
dultion of fecret locks, exhibiting different degrees of inge- 
nuity. 

But it is not fufficient that this inffrument Ihould contain a oughtnot toad-1 
fecret difficult to be developed by the (kilful method of con*- {^their fecrcu 
cealment. The proprietor of this lock muff always have, as 
partakers with him, not only the maker, but alfo his friends, 
his domedics, and generally every perfon who poflefles a lock 
conftru&ed on fimilar principles. The queffion to be folved 
remained as follows : 

To invent a lock which cannot be opened but by the pro- Enunciation of 
prietor, of which the condru&ion (hall be fimple and eafy, ^P roWcm of * 
defended again!! all internal derangements, and, laftly, ca- 
pable of being readily opened by the proprietor. 

By refledting on the conditions which a perfect lock ought Condition that 
to include, I was naturally led fome years ago to this refult; ^2iabLat > ' iW 
namely. That the fecret of the lock ought to be variable at pieafuw. 
pleafure *, or at leaf! that the fecrets (hould be fo multiplied, 
that it (hould be morally impoffible for the workman who con- 
ilru&ed the lock, or any other perfon, to conjefture which 
among them all the proprietor might have chofen at the time. 

I foon afterwards contrived feveral kinds of locks founded on 
this general principle. 

By continuing to attend to this obje6t, I foon found that Other* as well 
# others before me had arrived at the fame refult, and had pub- ha^purfueTthb 
lifhed locks formed on the theory of combinations. objedt. 

As (implicity is one of the mod eflential conditions of this Simplicity an 
purfuit, and there arethoufands of ways of applying the prin- rc< * ul ’ 
ciples of combinations to the condru&ion of locks, I thought it 
would not be without utility to explain the different refults I 
have obtained. For it will not be till after having compofed 
the mod happy combinations, that we can hope to arrive at 
that (implicity, without which a lock of this kind would be 
more curious than ufeful. 

I (hall fird deferibe the lock which appears to' me to be the The author's 
bed among thofe I have thought of. I (hall afterwards com- ^ ockto hccom- 
pare it with that invented in 1777, by Cit Keguier, and de.of Regaicr. 

. * This principle, which is appplied in the well-known lock of 
Braviali, was explained to me in converfation^ much at large, by 
him, in 1797* 

feribei 
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(bribed as the moft perfect, ij> the ant of look-making ( Sermrie ) 
in the Encyclopedic M&hodique. I (hall flbew that .the lock 
of Reguier, as well as many others, contains an imperfection, 
or rather a radical defeat, .which efcaped the inventor, and 
renders its other properties of little valve *. # Jt will be feeo 
how I haye avoided this defeCt in mine. And, laftly, I (hall 
concifely defcribe fome other fyftems of locks which feem to 
offer particular advantages, but which, neyerthelefs, do oot 
poffefs the lame degree of perfection as that to which 1 J»yq 
given the preference, 

Defcription of the new Loek . 

Particular <fc- The front of this lock confifts pf a plate 230 millimetres f in 
length, 67 in width, and 4 or 5 thick. Along the middle lin$ 
aredifpofed dye nuts or fcrew heads, of 18 in diameter. Jn 
the centre of thefe nuts is a fquare Item of 5 in the fide, which 
ends in a fcrew. 

This fquare ftem carries immediately on the other fide of the 
plate, a round plate of 38 in diameter and 3 thick, having a 
fquare hole in the center, and having 24 teeth in its circuw 
ference, with fpars between them equal to the teeth. 

4 Upon this round plate is placed a cylindrical cup or ferril* 

, having its bottom in contaft with that wheel, and connected 

with it by the ftem, which paffes through a round hole in its. 
center, and binds it down by the fcrew nut.. This ferril, of 
which the thickoefs is 2 and the height about £9, has apromi-* 
jiept ftud at its flat face, which entering between any tvva 
teeth of the wheel, ferves to vary at pleasure the relative pofi- 
tions of the wheel apd ferril at the time of fcrewing them to- 
gether. Laftly, The ferril has 24 teeth cut in its edge, having 
a (pace of about 4 between each. Thefe teeth are about 3 ir* 
depth, excepting one of the intervals which is cut to the depth 
of We Audi hereafter explain themfe of this dept^. 

* Cit. Reguier has, neverthelefs, th? Honour of being the firft 
who nearly refolved this problem, 

f Td avoid fractions, I have not reduced tHefe mea Aires. As 
the metre is 39.371 inches (Pbilof* Journ. II. 250)> it, will be fuffi* 
ciently near if the reader multiplies the pumbers in the text by 4, 
and then cuts off two figures i Thu* £30*42=9.80 inches, or 9i 
irtches.^-N. 

The 
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, The fpceqf the lock is fitted up, we have obferyed, with Conftrij&ion of 
fivefcrew heads. The middle (1cm, in /lead of being provided 
with a wheel and ferril like the others, has a wheel of 45 in di- t h c proprietor, 
ameter, 4 in,thic r kocfs, and has 24 teeth of the depth of 3. 

Fig. I. PI. jil. reprefents the face of the lock. A B is 230, 

A A fi7, and ^ie five fcrew heads, R, are fpaced at equal 
distances. 

Fig. 2 reprefents the infide of the lock without its bolt. 

Tfie plan pf the four ferrils with their fcrews, together with 
the mid^e toothed wheel and the heads of the nuts, are vifihle, 
but the four flat wheels are concealed beneath the ferrils. 

/The ferrils are inclofed in a rectangular box, 2 in thicknefs, 
and abo^t 28 in height at the longer fides. The fhorter are 34 
ip height, and have an excavation or notch in them to the 
depth of 8. The fides of this box are at the di fiance of 6 from 
fhe ferrils endwife, but only 2 as to the breadth. The diftance 
between jt^e middle wheel and the nearefl ferrils is alfo 2, bu$ 
that between the contiguous ferrils is 5. 

In the four inner angles of the box are fixed four pillars, 

P P P P, in thicknefs 6, in width 13, and about 35 above the 
plate. Thefe pillars have at their extremities a rectangular 
groove for the bolt to Aide in, and they are fixed by fcrews to 
the long faces of the bo^, and by rivets to the end plates. The 
fquare frame of the box is fattened to the face by two cocks 
Z Z, which receive fcrews. 

The bolt is conftructed as follows : A thin bar of iron is 
taken# of jvhich the width C C, Fig. 3, is 67, and the length 
C £), which js variable towards D, is 3 10 from F to C. It is 
fitted with tvyo edge bars C F, C F, of which the width is 5* 
and another C C, only 4. At the end which is to form the 
part of tfie holt to fhoot out, a plate F F D D is fixed, of the 
fame lprpadth as C p, but in length arbitrary. The depth of 
the t^ree e/dge bars is 6f, and cannot be feen in the figure. 

Tfiat of tfie end plate depends .on the firength intended to be 
given. 

The two lateral edge bars C F have near their extremities a. 
projection x a/, x / ' x"', which exceed the edge bar by 3, and do ( 
not cpipe dpwn to the face of the holt by an interval of 3. In 
tbefe four fp^ces the extremities of the pillar Aide, and they 
themfplvps receive tfie projections x x\ x" x ,,f in their grooves. 

3 * ‘ , , 77 . The 
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Con ft™ a i on of The diftances of all thefe points from the extremity C C of the 
ceffible only to bolt are, namely, little c x 20, c x 60, c x 22 6, ex' 274, 
the proprietor* C F 310.. 

In order to complete the bolt, it only remains to fix its rack 
and its four pins correfponding with the four ferrils. 

The rack is a rectangle, of which the length is M N, Fig. 5, 
equal to 67, the breadth or depth M M' 33, and the thicknefs, 
which could not be (hewn in this figure, is 4, and maybefeen 
in Fig. 3. This parallelopepidon is fixed perpendicularly upon 
the bolt at M' N', Fig. 3, by two projedting rivets K K, 
Fig ‘ 5 ' 

The rack is notched fo as to form in its length M' N', 13 
teeth of 5 in depth; fo that it refembles a comb with very 
fliort teeth. The fpaces are wider than the teeth, and they 
are rounded on the fide which locks into the wheel. 

The fingle tooth or pin which is intended to correfpond to 
each of the ferrils, is formed of four parts, ftand up at right 
angles, as is feen in Fig. 4. O H is the pin properly fo called, 
ri vetted perpendicularly in the bolt by the fmall fquare extre- 
mity H. II are two fmall wedges which precede the tooth* 
O H is 1 1, and 1116. 

The difiance of the tooth or ftud O from the line C C, Fig. 
3, is 39; that of O' is 118; that of O" is 169; that of 
O'" 248. 

The little wedge which precedes the tooth, is 6 in length 
and 3 in height. *We (hall hereafter fee the ufe of this. 

From the pofition of thefe four ftuds it follows, that when 
they are lodged precifely in the thicknefs of the ferrils, the two 
extreme ferrils muft have their long notch or aperture diredtly 1 
towards the extremities of the lock, and thofe of the interme*< 
diate ferrils will, on the contrary, have their apertures both 
turned towards the middle wheel. We (hall fee alfo that it 
follows, that when the lock is open, thefirft pin O is out of the 
lock in the groove cut in the door ; the tooth O' is within the 
fecond ferrol; the tooth O" in the fpace above the wheel ; and 
the tooth O'" within the fourth ferril. And the contrary i* 
the cafe when the door is (hut. 

In order that the bolt may ftop at the fame point when the 
door is open, there is a fmall protuberance X or X'". The 
teeth O, O', O", O'", are then: fufficiently’diftinft from the fer* 
rils to allow of their being moved or fet. 

And 
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' Aod fo likewife in order toftop the bolt always al the lame Conftru&ion of. 
point when (hut, there is fixed at Q, near the (hort edge bar, a oSy tT" 
fcrew, the head of which Hands higher than the face of the bolt, the proprietor, 
and Hops it by taking again (l the box. When the bolt is re- 
quired to be taken out, this ferew is drawn back a little, and it 
pafles clear of the edge bar. The fame effedt might be ob- 
tained by putting an interior ftem to the handle, which fhall 
Hop the bolt when the door is locked, which takes place when 
the points X and X" coincide with the faces of the pillars to- 
wards .the knob Q. This knob is alfo of ufe to open or bolt 
the door within. The pofition of the knob Q is fuch, that the 
circumference of its ferew Hem is a tangent to the line X X. 

The key remains to be deferibed : This is a circular plate or 
dife, Fig. 6 , of 50 in diameter and 3 in thicknefs. Its cir- 
cumference is divided into 24 parts, carrying circularly the 24 
Tetters of the alphabet, leaving out K. It has a handle in the 
form of a femiellipfis, to turn it with the finger and thumb, and 
this handle carries on the other fide of the plate two fmall Heel 
points T T, of about 3 in length, which enter into the holes of 
the ferew heads. Laftly, This plate has an opening in its 
center about 20 in diameter, to allow the points to be vifible 
when applied to the ferew heads. 

There are alfo marked on the face of the lock five fmall flars 
or loAiges, to ferve as ftation-points for the key ; and alfo five 
fmall holes near one of the two holes of the ferew heads. Thefe 
fmall holes ferve as an indication to apply the key always in 
the fame manner, by putting the fame point in the fame hole. 

The pofition of the four ftars correfponding with the fer- 
rils, muft be determined with great care and precifion. For 
this purpofe, the ferrils muft be placed fo that their openings 
ChaH be in a right line, and the holes of the ferew heads in a 
vertical line. The bolt is then to be introduced by engaging it 
in the grooves of the pillars, fo that the four teeth or pins may 
be lodged in the thicknefs of the ferrils. The tum-ferew is 
then to be inferted fucceflively in the holes of each ferew-head; 
obferving that the letter A, having its mark diftinguifhed by a 
diamond, fhall be turned towards the fame fide as the fmall in- 
dicative point placed on the ferew-head, and then a point muft 
be made on the face of the lock to correfpond with the letter 
A of the key. At this point the ftar is to be made, which will 
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^onftruftlon 0 / be very nearly in a verticaFHhe : but it may eafMy be faiagfaed 
ceto^oni^ ta ~ ^bat it will not be exa&fy to, urtlefs the ftudfc of fhebolt' fhoutd 
thi proprietor. «xa6Uy fill the* fpaces, fo as to leave no (hake. T*he : fifth ltar 
correfponding to the center Wheel, is merely ornamental. 

In this difpofition of the lode we may affirm; that it* is adjttflV 
ed to the word A A A A. , 

In order to change the fecret, and adjuft the lock to the woril 
long, for example, the firft ferew-head mrift'be turted round tb 
the left, until the letter L of the key coincides With thbftaf. 
In the fame manner the letter O is made to coincide with thb 
ftdr of the fecond fcreW-head ; the letter N With that of the 
third ; and that of the letter G with the fourth. The Hat wheels 
remaining in that pofition,- the ferrils are then to bedifpofed in 
a right line 1 , and the fecret will confift of the Word long* 'Thfc 
bolt is then to be put in its place, and the handle turned to ad:# 
vailCe its flop. 

When the lock is to b6 (but, Hie ffcre w-head$iriuft be dif- 
pofed fo as to form the word long; and in this pofition the bolt 
tfiay be moved backward and forward by turning thd middle 
wheel. If one or more of the ferew-heads be deratiged, the 
bolt is locked &ftJ But in order to open it, thC fame difpofition 
in 11 ft be made, and the bolt may agaifi bemo^ed.- 

We may obferve that, wheri thb ffcreW-headi 1 art deranged, 
thd bolt Tieverthclefs is capable off moving thrdugb the fjlace 'of 
3 ; arifing from the fize of the ferrils ; Which affords an advan- 
tage for nft ng it as a ft m pie bolt, to be put backwards ahd for- 
wards within thedramber. 

(To be concluded.) 

css ±ssafcgasB=s=; asafcSpgfc 

SCIENTIFIC NEWS, &c. 

Cheap Mtthod of producing light . 

MrI Ezekiel WALKER informs nie that he has dlfco- 
Vered a cheap method of producing light, which feeins to pot 
fefs advantages much fuperior to the common modes of illumi- 
nation. This light generates no fmoke* and requires not the 
aid of fnuffers. 

<hi 
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On the Rejk&ioii of obfcure Heat* 

C. Pidet’s experiment related in liis eflay on fire, to prove 
the reflexjbility of obfcure heat iswell known. It fconfifts in ^ * 

placing oppofite to each other two concave metallic mirrors, mirrors.. > 
In the focus of one is placed & hot but not luminous cannon- 
ball, in the focus of the other a very fenfible air thermometer, 
and the latter is foon feeri to rife rapidly. 

Iflie fame philofopher has fince publifhed fome other experi- 
ments on th6 fame fubjed. 

Having employed a lighted caiidle infiead of the cannon- Glaf« intercepted 
half, he placed between the two foci a plate of very thin clear ^ n0t 

tranfparcnt glafs, and which intercepted the light very little; '* 

the thermometer indicating the tranfmiffion of heat, flopped 
that inftant.* 

The two mirrors were placed at the difiance of 25 metres Diftance of mir- 
(yards) one from the other, in order to determine whether the rors mctrcSk 
time of the propagation of the radiant heat from one focus to 
the other could be appreciated. A heated but not luminous 
ball Was fufpehded at one of the foci, before Which a fcreen 
Was placed. At the inftant that this obfiacle was removed, the 
fluid of the thermometer, which was before perfedly at reftj 
began to rtioVc, and no fehfible interval 5 could* poflibly be per- 
ceived between the fuppreffidri and the effects of the trarifmitted 
heat. 

C. Pictet relates this experiment in the Bibliothe^ue Britan- The heat w* 
nique, in fupport of the opinion he had advanced in his e ^hy|^^ t,y tranf ~ 
z on fire, that light and heat are not the fame. This opinion has 
fince been renewed By M. Herfchell. — Bulletin ties Sciences^ 

No . 62. 


On certain Fa&b commonly urged’ againft 1 tfie Do&tine ofttuo 

EleStric Fluids . By Cit. Tremor y, Engineer of Mines. 

( Bull . de$ Sciences , No. 63. ) 

Among the fads which have been offered in fuppprt of The experiment 
Franklin’s hypothefts of a firtgle eledric* fluid, the moil re-°f pacing a 
markable is the following, (commonly catfed Lullin'* card, Lunti^cM^ 
from the inventor of the experiment). 

Having placed between two metallic condudors a card, 
which touches each of them, by its oppofite faces, in two 

different 
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penetrated oppo 
file the neg. con 
iu&or. 


This does not 
happen in rare* 
fied air* 


Inferences* 


different points, a flrong eledric charge is pafTed through the 
apparatus. At the inllant of the operation, a luminous flafh 
paffes from the pofitive condudor, flides along the furface of 
-the card, and perforates it oppofite the negative conductor. 
'This happens even when the card is perforated beforehand 
oppofite the pofitive condudor. 

From tli is fad it has been concluded, that in order to fup- 
port the theory of two fluids, we mud fuppofe that one of 
them efcapes from bodies and produces light, while the other 
remains inherent Cit. Tremery deftroys this reafoning by 
the following experiment : 

He places the card and the two condudors under the re- 
ceiver of an air pump, and in proportion as the air is ex- 
haufled, the place of fradure happens neareft the pofitive com. 
dudor ; and when the air is half exhaufted, the point is pre- 
cifely at the middle between the two condudors. At every 
difcharge a luminous trace iflTues from each condudor along 
the furface of the card to the place of interfedion. 

From this experiment, Cit. Tremery concludes that the at- 
mofpheric air, in its ordinary ftate, refills the palfage of the 
negative more than the pofitive fluid +. Thefe refinances are 
diftinguilhed in different ratios, with regard to the two fluids^ 
as the air becomes lefs denfe, and more rapidly with regard 
to the negative than the pofitive. 

Hence Cit. Tremery deduces the general refult, that the 
infulating property of non-condudors cannot be the fame foF 
both eledricities. 

From this explanation, he thinks it ea£y to reconcile the 
theory of two fluids with the few fads oppofed to it by hi 8 
adverfaries. 

* Or if one Angle pafs from one condudor to the other, the at- 
tradton or power of the receiving condudor will be very oblique ta. 
the card at firft, and moll dired at lafl $ whence the place of frac- 
ture is inferred to be at the receiving or minus extremity* 

W. N. 

f Yet a negative point difcharges its eledricity more eafily than 
a pofitive* See Fig. 5, PI. VIII. 

W. N* 
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. . ARTICLE I. 

foc/cription qf an Improvement of WouJfe's Apparatus, by which r 
the great Intforweniencics qf that Method qf conneSting the Vef- • 

Jels are .obviated. In a Letter from Mr. John Murray. 

Edinburgh > Sept. 18 , 180 & 

.To Mr. NICHOLSON. . "’j 

SIR, . ’ ; 

SEND you a drawing of an improvement in Woulfe’s ap* 

^paratus, which I believe I may recommend with confidence 
to<cheraifts. 

4 In the apparatus on the common conftrudlion it is. extremely It is lcarcely 
difficult, I might perhaps fay impoffible, to have a feries of ▼dTelTby ” 
■bottles connected by tubes which are ground airtight, and airtight tubes ^ 
.hence the neceffily of employing luting to clofe the joinings, without luting; 
.an operation extremely troublefome when done with accuracy. - * 

;*This difficulty of fitting the bent tubes to the bottles by grind- 
ing, arifes from the conftrudtion of ’the apparatus itfelf ; for if Thecaufc wby| 
.one leg of the tube be ground into the bottle from which it . . 

iflues, it will be found fcarcely poffibie to grind the other leg , , . 

. with accuracy into the other bottle, fo as. to fit it atthe.prepife 
Vol. III. — December, 1802. Q point 
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point at which the two bottles (hall be on a level 5 and thU, 
difficulty is increafed ft ill more when a feries of bottles are to 
be joined in this manner. The difficulty is indeed fo great, 
that an apparatus of this kind perfeftly air tight, though it 
would be of the greateft advantage in many chemical opera- 
tions, has perhaps fcarcely ever beeri procured, and the at- 
tempt to have it made was relinquiflied even by Lavoifier. 
Luting is moft Various attempts have been made to obviate this inconve- 
commonly ufed * n i€nce, but with fo little- foccefs, that the original apparatus 
in which foe joinings 'are clofed by a lute, is Hill the brie em- 
ployed by chemifts. Of the improvements that have been 
Dr. Hamilton’s propofed, I may remark that that by Dr. Hamilton, of which 
ratuj !Wlt aPPa " a defcription is given rri his tranflatioft of Berthollet on Dye- 
ing, and which does not feem to be fufficiently known to che- 
mifts, is by far the med convenient. It may be ^Amplified by 
having the bent tubes to ifiae frdm fob receivers inftead of 
being fitted to them by grinding, and for many purpofes it 
anfwers exceedingly well. Its principal deficiency is, that no 
great degree of prellure can be obtained in it, proportioned to 
the quantity of water put into the receivers. 

Clt. Girard’s Clt. Girard has lately propofed another iinproVelnerit, rif 
improvement • ^lijch an account has been given iri fob 4th Vol. of ybur 
and why : Joitrhd (p. 41.) Ori Ordering Ids apparatus at fob gfafs bia- 

riufk&ofy, I found that it could not be made but at a very 
great expence. This was dated to be owing partly to the 
trouble which would attend foe bfehding the long tube at- 
tached to the bottle, but (till more to the difficulty of giving 
this tube the fame curvature, as the larger tube fixed in the 
ifoltte; Jfito which the former is to be intrddriced. The exe- 
cution bf this by the mode Ctt. Girard deferibed; Would ridt 
be fo eafy as he appears to have iuppofed it ; and a number of 
bot$bs wbifld probably have required to have been infide, to 
obtain a feries of three or four adapted to each other. 

‘This difficulty fometime afterwards occurred to me, thatbvbry difficulty 
obviated fcj the plight be obviated by a more fi triple method, which I hhvb 
author. iiiice fotirid is extremely eafy in the execution. The appara- 

tus Con drafted on this ‘method is feprefented in the annexed 
* ' ; - - drawing. Plate XIII. 

Defcription. A is an adopter grou ltd into the bbttle B, and conhbfting k 
The contrivance Vbt oTt 1 with it C is^a ttraight tube ground into kb opening 
°fw ir *wcndi- fo ^ fide ef - H, into a fimilar opening in fob fidfe of the 


This difficulty 
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bottle D. E is a bent tube palling from the neck of E(, apd cularly at the 
fitted to it by grinding ; and it is in the mode qf conne&ing ^oulfcVtubwj 
this with the fucceeding bottle G, that the prefent improve- 
ment confifts. F is merely a common Woulfe’s bottle with 
two necks. But in the firft neck a tube G is foldered, when 
the bottle is made, which defcends to within 1| inch of the 
bottom, the height of the bottle being fix inches. The long 
leg of the tube E defcends into this tube, reaches beyond the 
extremity of it, and has at its termination a flight curve. It is 
obvious that when water is put ipto the bottle F, fo that the 
extremity of G is immerfed in it, if any vapour or gas pafs 
from D, to F by E, it will be difcharged from the extremity 
of the latter, and from the degree of bending will be thrown be- 
yond the extremity of G, and as this is immerfed in the fluid, 
the gas cannot efc^pe, but whatever part of it is notabforbed, 
raufl be colle&ed in the upper part of F. It paffes in a fimilar 
manner to H, and from H to I, being in each bottle tranf- 
mitted through a portion of water. Any permanent gas, not 
abforbed, paffes through the bent tube fitted to I, and may be 
colle&ed in ajar placed in a fmall pneumatic trough. 

The advantages of this apparatus are obvious. All the Advantages of 
joinings are air tight without lute, and the tubes are at the 
feme time fo far free, that they are in no danger of being and fafe. 
broken by any flight agitation or derangement. In making 
it, it is moft convenient to have the tubes firft ground in, and 
when perfectly dry to have them bent by the blow pipe. 

The firft bottle in the apparatus being defigned to receive Obfervations. 
any fluid condenfed in it during diftillation, has no tube of 
fafety, becaufe at the commencement at leaft of the diftilla- 
tion, there would be no fluid in which its extremity would be 
immerfed. On this account it is requifite that this firft bottle 
Ihould be conne&ed with the fecond by a ftraight tube, as 
reprefented in the drawing, and not by a bent tube as in the 
other bottle, elfe upon any condenfation in the retort or firft 
bottle, the liquor would rufh backward from the fecond. In 
this fecond bottle a tube of fafety is fitted by grinding, which 
is neceffary to guard againft condenfation. In the other bot- 
tle this is not neceffary, as the open tubes are fufficient to ad- 
mit air. 

The only inconvenience in this apparatus is, that the fluid This apparatus 
. jijj^e^tlesris liable to be forced up in the open tubes, in a^to'htve*"* 

the the fluid prefled 
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upwards be- the 1 tube G for example in the bottle F, by thepreflure of the 
accumulated in it from the refinance of the column of war 
ter in the other bottles ; and this even proceeds fo far that 
part of the liquor is forced out entirely. This can in fome 
meafure be obviated by dim mining the quantity qf fluid in 
the lafi. bottles, or by introducing into them little more than. is 
fufficient ,<o immerfe the extremities of the tubes. In this 
way however, the prefliire obtained, by which the abforption 
of a gas is promoted, is very inconfiderable. The fame in- 
convenience is prefent in the apparatus of Git. Girard, and 
Kemedy, by can be obviated only in the fame mode. In the prefent ap- 
wtcrtaTtubc^ P aratus > another improvement may be introduced, by which 
, it is more effectually removed, that of having the. flraight 
\ tubes which are folciered into the bottle of a greater length. 

' This is reprefented in the drawing at K L, the open tube A 

rifing five, or fix inches above the neck of the bottle. It is 

rather more* difficult to folder in the tube in this mode, but 
thC advantage from the increafed height is fo great,- that the 
apparatus fbould ^perhaps always be conftru&ed in. this 
_ T , manner. 

Haw to convert Inftead of fixing the ftraight tubes into the bottles when 
Woulfe’Tappa- they are ma ^ e > they might afterwards be fitted in by grind- 
ratus into the ing, and then a common Woulfe’s apparatus could be eafily 

prefent. converted into this improved one. The other mode however 

is preferable, as we are more certain of having the apparatus 
air tight, and it is fo eafily done that it adds little to the 
expence. 

I am, with refpeff, 
your*s, &q. 

J J. MURRAY. 


Woulfe’s appa- 
ratus into the 
prefent. 


II. Objhrvati&m 
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OBSERVATIONS ON MURIATIC ACID. 


Qtyercatims and Experiments upon Oxigenized and Hyperdxigen - 
ized Muriatic Acid; and upon Jbmc Combinations of the Mu- 
riatic Acid in its three States . By Richard Chenevix, 

• Eft, F. R. S. M. R. I. A. From the Philofophical Truhjhc-' 
tionsfor 1802. 

% ( Concluded from Page 185 



' Third Species, Hyper oxigenized Muriate of Barite's • 

THE earthy bafes feera to follow, in the. order of affinities ,Hyperox. m'ur. 
for this acid, at a great diftance from the alkalis. They are karitci. 
all fuperfeded by the two juft mentioned ; and it is much more 
difficult to accompliffi their union with the acid, than is the. 

Cafe with pota(h or foda. The moft advantageous method is, 
to pour- warm water upon a large quantity of this earth, pro- 
cured by Mr, Vauquelin’s method ; and to caufe a current of 
oxigenized muriatic acid to pafs through the, liquor, kept ? 

Svarm ; fo that the barites already difTolyed being faturated, a ’ ’ ^ ^ 

frelh portion of it may be taken up by the water, and prefent- 

ed in a ftate of great divifion to the acid. . This fait is foluble, Soluble; cry- 

in about four parts of cold, and lefs of warm water. It cry- 

ftallizes like the muriate of this earth $ and refembles it fo 

much in fdubility, that I could not feparRte them effe&ually 

by cryftallization repeated feveral times. At firft, indeed, I Purification of 

defpaired of ever obtaining any of the earthy hyperoxigenized rturfitc* y * P (not 

muriates in a ftate fufficiently pure for analyfls. If we con- by cliff, of folui 4 

fider them as a genus diftindt from the alkaline hyperoxige- biMt y*) 

nized muriates', a leading charadter may be, their great re- 

femj?lance to their refpedtive fpecies of earthy muriates. I 

thought, however, that I might, if not by diredt, at leaft by 

double affinity, decomppfe the onp without the other; and 

phofphate of ftlver occurred to me as the moft likely agent. . If ty phofphate of 

phofphate of filver be boiled with muriate of lime, of barites* 

&c. a double decotnpofitioij enfues ; and muriate of filver, decompofes the 
together with phofphate' of the earth, both infoluble, are pre- 
cipitatedi To increafethe action, the phofphate of filver may perox. muriatet . 
be diffolvedin a w'e^k acid^ fuch as the acetous ; and, though' ^ 0 ^ Iu ^ 011 
the e^rfhy phofphate be* at firft retained in folution, it will be 

* • V feparated 
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The fihrer muft feparated by expelling the acid. The only condition abfo* 

copper/ 101 ” lute ty ^eceflary is, that the filver employed be free from cop- 
per. For, in preparing phofphate of filver by phofphate of 
loda, and by nitrate of filver thus impure, copper would be 
thrown down by the phofphoric acid ; and the phofphate of 
copper would be afterwards decompofed by muriate of lime. 
Muriate of copper would therefore remain with the earthy 
hyperoxigenized muriates ; or, what is fiill worfe, a part of 
the muriatic acid being eafily expelled from oxide of copper, 
the hyperoxigenized muriatic acid would be driven off from 
^ ro P crt ^ es ^ its bafis, by the more powerful agency bf the former. This 
mur/ * W* the properties enumerated as belonging to the ge- 

nus of'hypOrokigenized muriates ; and, with heUt, the acid is 
expelled by all acids above the benzoic. I had hoped that, 
wifhdht difiillation, I could procure the acid from the fait by 
means of fulphuric acid, which would have left an infolublb 
felt With barites ; blit hyperoxigenized muriatic acid is fo eafily 
decompofed by light, that I have not yet obtained it, to my 
emU light more fatisfa&ion, difengaged and pure. A fa& w^ll worthy of at- 
thofe with alk. tention is that the ftronger acids difengage this acid with a 
bafis. flafh of light, more frequently from the earthy than from the 

alkaline hyperoxigenized muriates ; a phenomenon which, I 
fuppofe, depends upon the relative proportionate affinities, 
and confequently the greater rapidity of the difengagement # 
But, where all is hypothefis, it is ufelefs to draw any inference 
from a fingle fa£t. 

Component } The proportions of this fait are, 

mur S> barked' Hyperoxigenized muriatic acid - - 4 

Barites - - - - - - - 42,2 

Water ------ IO,S 

1 00,0 


Hyp* ox. mur# Fourth Spri te. fi$pti*otigenizfid MurtmcofSttortia* 
Rroathu ‘ t • . , j 

The foregoing obfervations apply to the formation of this 

felt, to the Vnode of obtaining it pure by phofphate of filver, 
to its conduct with the acids, to the rank of its acid in the or- 
Defrquefcent, 'der of affinlties, and to its other properties. It is deliquef- 
ble ce nf > and more foluble in alfcohol than muriate of Ibrontra. It 

than the mu* melts in 'the niouth immediately, ‘aiW produces cold* Its cry- 
riatc * fials aflumd the iliape of needles* 


rt 
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. It is qempofed of, Copip, 

. Hjperojwgffni^d njuri^ip aci4 r ‘ r ? $$ i S^tQntia?^*' 

Stfxmlia - - - - - ? #6 , ' ‘ ' ' ’ ' ' 

Waiter - - < r 4 * ■ • : 

K*>‘ 1 - - 

Fifth Species, fiyperoxigenized Muriate of Lime. Hyp. ox. mur. 

. This felf is obfei^ed pure, in the faipe manner as JjJJ* 

earthy felts. ft is extremely deliqu,efcent ; liquifies ajt U Jp.W folublc in *k©- 
fieat. by means of its water of cry Hail izafiop $ and is yflry fyr 
luble in alcohol. JLt produces much cold, an$ a iharp Jp4te* 
iafte in the mouth. 

It is compofed of. Comp, part* 

Hyperoxigenized muriatic acid - • » . p5g$ ^Pv 1 ox ;* n “ r * 

Time - - - - - - 28 ^ offtmatia- ' 

Water , 16,5 

100 , 0 . 

<S£rtA Species. Hyper oxigenized Muriate of Ammonia. Hyp. ox. mur. 

Fxam.the property which oxigenized muriatic acid pofleffes Th^ox^mur. 
of (decompoling ammonia, this combination may be thought acid decompose* 
paradoxical. For, how can an acid much more a£iive than 
oxigenized muriatic acid exift with ammonia, which is de- hidrogcn and 
frayed fcy the letter? But this argument rojty.bp oppqfed- by ^ ^" 1 ? 

the fiiip of affinities that,a& in either t cafe. |jf the affinity qftioi»,dbc*.ex- > 
competition of oxigenized muriatic acid and of arqmonia, to.- mlghffonT ox ** 
gethcr with .the affinity of oxigenized muriatic apid for ammo> mU r. of ammo* 
nfe, to form oxigenized muriate of awunppia, ,be npt ;moijp ^ 
jxfcwerful than the affinity of oxigen for hidrogen,. $f azote/oj: ox# ^ 
calpric, and ,qf muriatic acid for arpipppja, tie divejlept .#f^- does not s be, 
pities Tftfill fuextf ; wd tjiis is whftt actually ^ajppenjs. 

^RHgh with lefs : %fip of afr^ion »«. 

{fltigwwed than.ip |yipeTOfg|geniz^ mwfrfrp fifiW. “SS^3u* 

flity.ftf fre hfrw *?id Jfor flimnajiia iper&fe in ? pau<fh *hH‘.fclt fetm* 
greater ratio, and favour the quiefeent affinities. If carbonate bptto^fe'bAlL' 
oframmonia he >ppawd into fW &Uthy ,ttf this gepiw, a **** 

double decomposition . tabes: placei; *nd ♦h^peH^igenwfd out- q, hyp. ox. 
*iateof ammonia is formed. This- tak is.very tiblubLe in waUft, mur * ear th 
and in. alcohol. It is decompofed at a very lo^v -temperature, zn&h™. 

and 0 ** m“r* of am* 
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It isVery fdu- and gives out a quantity of gas, together ;with a fmell of hyr 
peroxigenized muriatic acid. Such a fmell is doubtlefs ow- 
compofed at lowing to the great quantity of oxigen contained in the acid ; 4 
temperature. being more than is neceffary to combine with the quantity of 
hidro^en contained in the alkali, and therefore fome of the 
•‘Component /arts add is difengaged, without decompofition. All the attempts 
untll0Wn ’ . r I have made tp afeertain the proportions of its principles, 

; have been fruitlefs. The formation and exigence of this fait, 

1 J ' '' is I before faid, are very ftrong proofs of what I have ad- 
- j vanced refpedting the ftate in which hyperoxigenized muriates 
at firft exift ; and very fully prove the different degree of* affi- 
nity exercifed by each acid toward the bails. 


Hyp. ox. mur. 
of magnefia. 


Component 

parts. 


Seventh Species. Hyperoxigenized Muriate of Magnefia . 

Its chemical and phyiical properties are nearly the fame 
with thofe of the 5 th fpecies, only that, in addition to the. 
other bafes, lime and ammonia caufe a precipitate in this fait. 
Its proportions are, 

Hyperoxigenized muriatic acid - - 60 

Magnefia - - - - . - - , - 25,7 

Water - - - - - - - 14,3 


; Eighth Species. Hyperoxigenized Muriate of Alumina • 

Hyp. ox. mur. / I put fome alumina, precipitated from muriate of alumina, 
of alumina. and well waflied, but ftill moift, into a Woulfe’s apparatus, 
difpofed as fpr the other earths, and fent a current of oxige- 
nized muriatic acid gas through the liquor. The alumina 
lhortly difappeared ; and, upon pouring fulphuric add into 
the liquor, a ftrong fmell of hyperoxigenized muriatic acid 
'was perceivable. When I attempted to obtain the fait pure. 
It is tfeeompofedby phofphate of filver, in the ufual way, I found nothing hi 
°f folution bnt hyperoxigenifed muriate of filver ; and all the 
* hyperoxigenized muriate of alumina had been decompofed. 

is deliquofcentf This fait, however, appears to be very dejiquefeent, and is 
and foraUe in ' • 

alcohol. 

4 • This fait (hall be particularly mentioned aijd deferibed in an* 
other part of this Paper. For the . prefent, it is fufficient to fay, 
that it is very foluble in water; and, in that property, as in many 
others, is totally different frpm .muriate offilver, 

‘ ... foluble 
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foluble in alcohol but I could not afcertain the proportion of* 
its principles, becaufe I did not obtain it fufliciently frep froo* 
the fimple muriate. 

Ninth Species , Jfyperoxigenized Muriate of Silica . Hyp. ox. mun, 

iilica does not ** 

I am inclined to think this fait does not really e xilir A cur-«xift, 
rent of oxigenized muriatic acid, fent through fome iilica 
which had been precipitated from an acid by ammonia, and 
colle&ed fnoift from the filter, did not feein to diffolve any 
portion of it. * In all barites and ftrontia, prepared according 
to Mr; YauqueliVs method, a portion of filica from the cruci- 
bles is attacked, and taken up, by whatever acid thofe earths 
may afterwards be diffolved in : and, in all potalh of com- 
merce, there is fome filica; but I have never perceived that 
any portion of this earth had been diflblved by this acid. 

The very final!- portion of earth which, in attempts to form General obferr, 
fhe different fpecies of this genus of falts, is taken up by acids, hypl'ox^mur. 
and the ftill fmaller portion of the fait fo formed, which is 
really in the date of hyperox igenized muriate, render the ope- 
ration fo tedious, that I have confined myfelf to form what 
was neceflary to determine their analyfis, in fuel) a manner as 
I believe to be nearly accurate. It cannot/ therefore; be ex- 
pe&ed that I make myfelf refponfible, without a right of ap- 
peal to further experiments, for the accuracy with which the 
cryfialline forms; 'and other phyfical properties, may have 
been ftated. It is impofiible to obtain -fatisfa&ory cryftals 
from a very final! portion of fait; and I have attached myfelf 
more particularly to chemical than to pbyfical characters, as 
being a much more important and .certain mode of determi- 
nation. For the fame reafon, I have not examined the com- 
bination of the.newand rarer earths with this agid. But I do 
not doubt, that whatever chemift undertakes a further inveftj- 
gatiop of thefe extraordinary bqdies, will be amply repaid for 
his labour. ‘ [ t 

I have mentioned, in a former part of this Paper) that all muriates 

muriates loft a portion of their acid at a red heat. I expofed ig^on. 

one hundred parts 'of muriate of potalh, in a crucible,* to a 
rbd heat, for fome minutes, and found that they loft five. I 
diflblved them in water, and they manifefted alkaline proper- 
ties. Treated by nitrate of filver> they gave a precipitate, 
which (hewed one per cent, Iels of muriatic acid, than 100 
. • ' ' parts 
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parts of the feme felt that had not been mtpefed to Ar$. A\ 
violent heat may be neoeflary to expel the laA portion of water 
of cryGallization from certain felts, as we know partipofefly 
Whence the wa- j s the cafe with fulphate of lime. But, if any of the acid can 
^oaSinac- be expelled at the fame temperature, there is no longer any 
curately deter- certainty. The quantity of water, as. Gated by different che- 
If the acid of varies much ; and, from feme experiments I have 

the fait be de- made, I do not believe it to have been accurately determined, 
termined by The method I ufed to afeertain this, was as follows : I ex- 
ver before and pofed a given quantity of the felt to a violent heat, and noted 
F be 'known ^ weight. 1 then precipitated, by 'nitrate of fiWer ; 

how much of thus knew, how much the quantity of muriatic acid which 
the lofs by the foh contained, was lefs than that in a like portion which 
addYanThow* had not been expofed to heat. I fubtra&ed the difference in 
pauch water. this quantity, from the total lofs of weight in* the felt expofed 
to beat; and the remainder 1 conjQdered as water. It was 
upon refnits obtained in this manner, that I founded many of 
the proportions 1 have given in this Paper. 

Obfcrrat’ions on . It is Gated in the tables of Bergman, corrected by Dr. 
tioM. VC * ltraC " Pearfon, that lime and Grontia prefer ;aoetous to arfenic acid. 

But arfenic acid can expel hyperoxigenized muriatic add from 
its bails, although the acetous cannot a£t,in the feme manuer $ 
therefore, this order of affinities is erroneous. It was not till 
lately, that we liad potato and foda fo pure as to be relied 
upon in delicate experiments ; and it is not furprifing that we 
Gnd miftakes with regard - to their taking the acid from barites, 
Grontia, and lime. But real potato and ioda both precipitate 
even barites from hyperoxigenized muriatic acid. If ever it 
becomes eafy to obtain h yperoxigeiu zed -muriate of barites, 
we may prepare that earth from it in the humid rway, and 
more near to purity, than in the method prqpofed hy Vau* 
qirelin. 

Metallic muria- METALLIC COMBINATIONS OF MURIATIC 
“ c&lu ' ACID, IN ITS DIFFERENT STATES. 

The adtion of hyperoxigenized muriatic acid. qpon metals, 
is, as may well be expe&ed, rapid, and .without difeqgage- 
Hyp. o*. mar. ment of gas. It appears to diffolve every , metal, not > except- 
adddlffolves^ ; n g gold and platina. If the metal be.prefented to the .acid 
them and pro- at themoment when it is difeogaged from the felt, inflamma- 
ducea muriates, tion enfues j -and the phenomena of light -and heat <vary $c- 
, * cording 
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cording to the metal $ but the fofts thut produced ate merely 
ihuriates. In ordUr to forth real hypefoxigehiifcd muriates, 
it is neceflary to take the metal in its fulleft Hate of oxidize- * 

merit, and Ooihbirie ft with the add, either by double decOta- produce k. <*• 
petition, or by pkffiftg A cuTreht of oxigeniased muriatic acid Inurw4t# * 
gas through the oferide fofpehded m Water. The acid is thus 
fe para ted into muriatic and hyperoxigfcniXed muriatic acid ; 
anA, in thefe ffates, combines with the metallic oxide. *fhe 
metallic hypCrOxigenteed muriates are different, in every re- Thefcm*V 
fyett, from the metallic muriates. Red oxide of iron is dif- rom “* 
folved With difficulty. Oxide off copper more eafily. Red Habitudes of 
oxide of lead exhibits Ae Hun 0 appearances, during its combi- 
nation with this acid, as With nitric acid. When nitric acid is Lad. 
poured, even in excefs, upon red oxide of lead, only a patt of 
the oxide is diflblved, unlefs heat be applied ; and tvhat re- 
mains becomes a blackilh brown powder. But, if metallic Red oxide «f 
read be added, in A juft proportion, all the fed oxide difap- 
pears, and none of the brown powder is formed ; neither is ^rfiolly diflbhrei 
fhefe ahy dffengkgemefnt of nitrous gas. When the metallic 
leUd is diffolvfd. The precipitates caufed in either cafb, )>y more intigenu&i 
pouring an alkali into the nitric folution, are yellow. ¥lence a^oStlL 
ft appeals, that red oxide Of lead contains too much oxigen TO part 1 VM * 
fce diffolved by nitric acid. One part of the Oxide takes up the 
dXdfcfs of critigeh, and becomes brown ; while the portion 
Which lofes oxigOn, becomes yellow, and is foluble ih nitric 
Acid. l*he prefence of metallic 'lead promotes the'total folu- 
tibri of the red oxide, by taking up the fuperAbtfndarit okigen. 

I fotirid that a current of oxigenifeed muriatic acid gas, like the‘°** ac4 
nitric acid, diflolved apart of the red oxide, and caufed the 
broWn poWder to be 'formed, ttpbn Which it could not aft. 
HypOroxIgeniAed muriate of lead is much more foluble than Hyp. ox. mur. 
muriate of lead ; arid the acid is very flightly attracted by the °^ ,ead : 
bafts. 

Blit, of all the metallic falts formed by the combination of Mcrcond m- 
the muriatic acid, in any of its different ftates, none fo much”**** 
defetve attention as thofe which have for their bafes, the Ox- 
ides ofmercery. The^natufe of the faks which iefaltifrom the 
combination of common muriatic acid with the different 
of ihis r metal, hasbeen ftatedirithe moft contradictory man- 
ner, by differettt chemifts. ‘But, as the knowledge dfhyper- 
oxigenized muriatic acid has thrown fome light upon the 

true 
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Calomel and true ftate of calomel and corrollve fublimate*, I. muft beg^ 
jprrof. fubli- leave to dwell at Tome length upon this important part of my 
** fubjedfc. 

It would be ufelefs to repeat the opinions of the old authors, 

• who have treated of corrofive fublimate and of calomel. They 
are to be found in the works of thofe refpe&ive chemifts, and 
I muft refer to them for particulars. 

Opinions re- In the Memoirs of the Academy of Sciences of Paris, for 
five^TuMimatc?* we find a Paper of Mr. Berthollet, upon the caufticity 

of metallic (alts ; in which he appears to think, that the acid in 
corrofive fublimate is in the ftate of what was then called 
- dephlogifticated marine acid. In 1785, when he had exa- 

' *' mined the oxigenized muriatic acid with more care, he re- 
nounced his former opinion ; -and gave the reafons why he no 
longer adhered to it. Some late experiments of Mr. Prouft 
Ihew, that this chemift thinks as Mr. Berthollet now does. 
And thefe may (re ranked among the firft of modern au- 
thorities. • 

s Sj/f- 

fubli- 

macury * .mate as a hyperqxigenized muriate of mercury ; apd deftgns it 
throughout by that name f . This chemift, ope of the founders 
. of the methodical nomenclature, is too well acquainted with its 
principles, to apply the term hyperqxigenized muriate to any 
thing but a combination of hyperoxigenized muriatic acid. It 
is evident, therefore, that he confiders the portiqn of oxigen, 
which, in equal quantities of corrofive fublimate and calomel, 

, . # is greater in the former, to he combined with the acid, and notj 

* I regret very much, that I am under the necefflty of qfing thefe 
unmeaning terms. But the French nomenclature has made no dif- 
tin&ion between falts formed by metallic oxides in different ftateS of 
oxidizement, except by the colour, which is an extremely defe£live 
and unmeaning method. At al} events, this metal is fo uncompfai-' 
fant as to retain the white colour, in its different oxides combined 
with .muriatic acid. I prefer, however, ufing the old name, to pro- 
. poling any provifional fubftitute that might be found defe&ive*' 
This will be farther explained in Remarks upon Chemical Jiomen^ - 
flature y 

i* I have faid before, that this acid was talked of by lqany cjie- . 
mills, as if the exiltence of it had really been ^rqved. 

i^ith 


Fomcroy confi- Notvyithftanding thofe opinions, Mr. Fourcroy, in hi 
teme Connoijfancos chin\iques t ftill confiders corrofive 
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with the oxide of mercury. A$ foon as I have ftated fomebut erroneoufly 
experiments that prove Mr. Fourcroy's opinion to be errone- For > 
ous, and endeavoured to eftablifh the analyfis of corrofive 
fublimate and of calomel, I (hall take notice of a fait hitherto 
unknown, which really is hyperoxigenized muriate of mer- 
cury. 

I took a portion of corrofive fublimate, and precipitated by Corrof.fub. prc- 

potafh. The liquor was filtered ; and, upon being tried, c, P ,tatcd b X P ot - 

r M . 9 9 f 6 9 a/h gave muriate 

nothing but muriate of potafh was found. No re-agent of potafh and no 

could difcover the fmalleft trace of hyperoxigenized muri- h yP #ox,m#acid# 
atic grid. 

Sulphuric, nitric, phofjphoric, an j many other acids, pourefd ac lds 
upon corrofive fublimate, did not difengage either muriatic, or 
hyperoxigenized muriatic acid. Nitrate of filver, poured into 
a folution of corrofive fublimate, gave an abundant white , 
precipitate. 7' V.\ / 

From thefe experiments it is evident, that muriatic acid, notCoofap muria- 
hyperoxigenized muriatic acid, is combined with the oxide °. x * 

mercury in corrofive fublimate. ,cor. r fub. 

To determine the proportions of this fait, I took one hundred Component ; 
parts, and precipitated by nitrate of filver. I then took another tatio^wfdi^pot" 
hundred, and precipitated by potafh. The refult of thefe two afh and with ni- 
experiments was fuch as to eftablifh the proportions of corro^ te 
* five fublimate as follows : » 

Oxide of mercury - 82 

Muriatic acid - - - 18 * ' ' * 

100 . 

But, the acid of this fait not being charged with a fuper-To meafure the 
abundance of oxigeti, we muft look for the excefs in the me- mercur^were 
tallic oxide. I took 100 grains of mercury, and difTolved them diflblved in ni- 
in nitric acid ; then poured in muriatic acid ; and, at a very ^ {fa™* 
gentle heat, evaporated to drynefs. I afterwards fublimed, poured in, and 
in a Florence flafk, the fait that remained, and obtained ^ (^ r * ^ 
14-3,5 of corrofive fublimate. But, 14-3,5 of corrofive fubli- fublimed 
mate contain 26 of acid; which will leave 117,5 for the *43*5 J °f*hich 
mercurial oxide ; and, if 117,5 contain 100 of mercury, 100 acid^an^confcq! 
of the oxide will contain 85. Therefore, the oxide of mer- is per cent, of 

cury in corrofive fublimate, is oxidized at the rate of 15 per ^., 0Xide wa4 

J r oxigen* 

cent, 

To 
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- To determine the proportions in calomel* I dilfolved I<fJ0 
grains of it in nitric acid. The phenomena pf the (elution 
have beep fo accurately defcribed by Mr* Berthpljef, th^t 1 
(ball not repeat them,. I precipitated by nitrate of fjlver ; aijd 
obtained a quantity of muriate of fJLver cprrefponding wijh 
1 1,5 of muriatic acid. The oxide of mercury I obtained apart. 
Therefore,, calomel is composed pf, 

Oafdp of mercury - - 88,5 

Muriatic acid - - r 11,5 


100 , 0 . 

To a (certain the ffate of oxidizemept of the oxjde Jn ca- 
lomel, X look 100 grains, and boiled them with nitro-mq- 
hmiutg in nitro-riatic acid ; then evaporated very flowjy, and fublijned as 
above. The calomel wa? totally converted intp corrofiye 
Jt hid gamed fublimate, and weighed 1 13. But 1 1 3 of corrofiye fubUmaJe 

muriatic acid, of which, 1 1,5 were originally 
former c*pts. in the calomel* The total addition of weight was 13. Bat 
and of* quantity of acid in thefe 13, aJOPMUts to 20,3— 11,5 == 
mm M* Therefore, 13 t- 8,8 = 4,2, remain for that part of the 
additional weight which is pxigen. On the other hand* 
IQO pf calomel contain the foe fame quantity of jnprpury as 
whence the ^90-113 of corrofiye fobjimate, ==79. Thefe 7$* with 11,5 pf 
acid, ec l ua ^ t0 90,5, an d i eave fp* the quantity of p$i- 
» deduced, vis. gen contained in calomel. It would appear, from thefe 
pcs cent, experiments, that corrofive fublimate contains 6,5 per cent, 
more acid* and but 2,8 per cent, more oxigen, than calomel. 
But this quantity of oxigen is combined with a much greater 
proportion of mercury ; and forms an Paid® of a vpry differ- 
ent degree of exidizement. For, £8*5 :9,$ : : 1QQ : 1Q,7. 
Therefore?, we may eftatyilh the following comparative 
vttbfe 


Odpcadiras 
tnam e d intp 
c«r. £ubl. by 


CALOMEL. 
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CALOMBL. 

The oxide of mercury in cafe** 
mel is compofed of. 

Mercury - - 69,3 

Oxigen - - • 10,7 


CORROSIVE SUBLIMATE. 
The oxide of mercury incorro* 
five fublimate is compofed of* 
Mercury - - 85 

Oxigen - - - 13 


100 , 0 . 

And calomel is compofed of, 

Mercury79 f oxide of) . 
Oxigen 9,5 | mercury 3 

Muriatic acid - 11,5 


. 100 . 

And corrofiwfublimale is com- 
pofed of. 

Mercury 69,7 C oxide of) ^ 
Oxigen 12,3 \ mercury 3 

Muriatic acid - 18 


100 , 0 .! 


lOOv 


Comparative 

ftatement* 


Thde proportions ate different from thofe given by Lemery, 

©eoffiroy, Efergtrtan, &c. But, without calling in tqueftion 
the accuracy and ftill of thefe chemifis, it is fair to aflert, 
that the ptrrC materials ufed by modern chemifis, are more 
Ifltoly to lead tt> fhre refults, than the impure re-agents of toe 
ancients. 

In thefe falts we find another infiance, that, in proportion as Thtmoft oxlg. 
metallic oxides Contain a greater quantity of oxigen, they re- 
quire a greater quantity of acid to enter into c o m bin a t ion with ti<y r 

them. 

The method I.Jiave followed, to afeertain the proportions obfcrvatiocis ta, 
jufl ftated, may appear, at firfi view, not to be the toorteft that * cw d ** 1 lht 
I might have adopted. But I have tried others, and I have cj^°w*r *jbunJ 
/ound none fo accurate. It is wnpoflible, fynthetically, totoe-moft accu- 
convert a given quantity of mercury into calomel, in fuch e *** 6 
manner as to be certain that none of it is in a different fiate 
from that required. And, if we would attack eafeffie) analy- 
tically, the a&ion of the alkalies. Without Which we CttMtot 
3 >ToCfefed, is filch as to alter the nature of the oxides. I have 
alfo made many comparative experiments, by diffoiving cato- 
thel in nitro-tnuriatic acid, (which converted it intocorrofive 
fublimate,) and then precipitating by ammonia ; but 1 have 
not found thefe trials fo fuccefsful as thofe I have deferibed. 

The nature of the precipitate from corrofive fublimate by am- 
monia, certainly differs, according to the exoefs of acid that 
may be prefeat ; and mercury feems to have the poWOr of eto- 
ifiingdn many tegmm of combination with cmgm. The oniy 
3 precaution 
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precaution abfolutely neceflary, in this mode of operating, is* 
that while the mercurial fait is in an openwefleli it, Humid not 
, be expofed to a degree of heat capable of volatilising any pa'ft 
of it* # 

London Phar- The quantity of mercury ordered in the London Phanna^ 
foibcs too much c0 P®* a > *° c <> nve ri corrofive fublimate into calomel, is 9 pounds 
mercury in the of mercury for every 12 pounds of corrofive fublimate. But, 

fbnnula for cor. f rom the abbtfe' experiments, it would appear; that d fmhllgf 
fob. But this r r . _ _ rr . 

is prudent. quantity or mercury might ftrictly anlwer. However, from 

the refults of minute invefligation, we fhould not cohclude 

too haftily upon preparations on the great fcale ; and, I rather 

think, that the excefs of mercury ordered by the Pharmacopeia 

h a ufeful precaution. 

In attempts to In my experiments, I attempted to reduce, by means of 
curiaTfalts by"" p°PP er a" * ron ^ or zinc, the mercury contained in the mercurial 
other metals, falts. Iron did not anfwer, the purpofe : zinc precipitated the 

iron failed, *«n c mercury a. little better ; and copper produced a chance which 
threw down _ Tf . . . r ‘ . - . • ' ~ 

mercury, and I did not expect. It a bit jot copper be put into a folution of 

copper precipi- corrofive fublimate, a white powder lhortly falls to tbe.bottom; 

from corTfub. an( * that P°' v der is calomel. When wafhed, it does not contain 

• , • ' : an atom of copper, or of corrofive fublimate. 

Calomells the Before. I conclude thefe confi derations, I mull fay, that 

fame whether whether calomel be prepared in the dry or in the humid way *, 

produced in tbe * . # . 

humid or dry H 

way : and alfo • » . 

cor. fub. * By the humid way, I do not mean precisely the method of 

^h^eeVs°hurnid'^ c ^ ee ^ e ' Thatchemift defies us to boil the acid with the mercury, 
procefs For calo- after they have cenfed to act upon each other at a low temperature, 
mel. It rs not gv -this method, the nitric acid takes up an excefs of mercurial ox-» 
pure, hat con- * j and tlie titrate of mercury thus formed, preriprtates by wateri 
trate of mercury. Theretore, when this nitrate of mercury is poured mto the dilute 
.folution of muriate of foda, according to the formula of Scheele, the 
action, on the part of the folution, is twofold* , ,4 

1 Ji. Tlie water acts upon one part, and precipitates an oxide, or 
. radian infoluhle lujb-nitrate of mercury. . And, 

■’ l 2dly. A double decompofition takes place between the nitrate of 
mercury and the muriate of foda. It is with reafon, that the medi- 
cal world have fuppofed the calomel of Scheele to be different from 
that prepared in the humid wayj for it is, in fa£t, calomel, plus a A 
infoluble fub-nitrate of mercury. In the firft part of ScheeleVpro* 
cels, there is difengagement of nitrous gas, together with oxidize- 
ment and folution of feme of the mercury. Whenhe Ixjilstheacid 
upon the remaining mercury,* there is no further difengagement of 
\ ' v. gas.} 
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It does not Teem to differ chemically ; nor does it contain afiy 
fenfible portion of water of cryftallization. The fame may be 
faid of corrofive fubfimate. 

It now remains to fpeak of the real hyperofcigenized nfariate Hyper-ox. mur. 
of mercury. I palled a current of oxigenized muriatic acid ^ 

gas through fome water* in which there was red Oxide of mer- fing ox. m. gas 
cury *. After a (hort time, the oxide became of a very dark 
brown colour; and a* folution appeared to have taken place, oxide of mer- 
The current was continued for fome time ; and* when I thought 
that a fufficient quantity of the oxide had been diflblved; I 
flopped the operation. The liquor Was evaporated to dryiiefs ; 
and the felt was thus obtained^ There evidently was in the 
mafs a great proportion of corrofive fublimate, as might be 
fcxpe&ed, from what I had obferved to take place in the forma- It is mote folublt. 
tion of the other falts of this acid ; but, by carefully Separating ^nd^s Separable 
the laft formed cry Hals, I could pick out fome hyperoxigenized by cryftallisa- 
muriate of mercury. I then cry (tall ized it over again ; and* tl<m * 
jn this manner, I obtained it nearly pure. This fait is more 
Soluble than corrofive fublimate: about four parts of water 
retain it in folution. The lhape of its cryftals, I cannot well 

gas ; yet more mercury is diflblved. The nitrate of mercury, there* 
fore, rather contains an oxide lefs oxidized after ebullition than be* 
fore it. The true difference is in the fub-nitrate of mercury, pre- *$■ 
cipitated, as I before faid, by the water in which the muriate of foda 
was diflblved. And the orange-coloured powder, which remains 
after an attempt to fublime Scheele’s calomel, is to be attributed to 
the fame caufe. To prepare calomel in the humid way,* uniform as Preparation of 
to it&lf, and in all refpe&s iimilar to that prepared in the dry way, calomel in the 
it is neceflary, either to ufe the nitric folution before it has boiled, way. 
or to pour fome muriatic acid into the folution of muriate of foda, 
previoufly to mixing it with the boiled folution of nitrate of mer* 
eury. In the firfi cafe, no precaution is neceflary j and, in the lat- 
ter, the oxide of mercuiy, which the nitrate of mercury has, by 
boiling, taken up in excefs, finds an acid which is ready to faturate 
it. All the mercurial oxide being thus converted into calomel, none 
of that fub-nitrate of mercury can be prefent. 

The obje&ions made by a medical gentleman againfl Scheele's 
calomel, when this paper was read before the Royal Society, led me 
to reconfider the fubje&, and to undertake the inveftigation detailed 
in this note. 

• I ufed either of the red oxides of mercury indiferiminately* 

« ■ 
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determine. When fulpburic, or even weaker acids, are potftod 
upon it, it gives out the ufual fmell of hyperoxigenized rauri* 
atic acid ; and the liquor becomes of an orange colour. This 
is a fufficient proof, that corrofive fublimate is not a hyper- 
oxigenized muriate of mercury. 

bark brown ox- I have juft mentioned that, in the formation of this (alt, the 
oxide of mercury, which was not difiolved by the acid, became 
of a very dark brown colour. I procured a portion of this 
oxide, which Teemed different from the red oxide. It how- 
ever retained the form, and the cryftalline appearance, of the 
latter. It was foluble in nitric acid, without difengagement of 
gas ; and was precipitated frpm it, in a yellow oxide, by all the 
alkalis, except ammonia. It formed corrofive fublimate with 
muriatic acid ; and the precipitate by the alkalis, was the fame 
as that from corrofive fublimate, made with the red oxide. 
Yet I am inclined to think, that the dark broftrn oxide differs 
in fome effential point from the red ; but I have not yet made 
fufficient experiments to prove this opinion. At all events, 
the prefent object being to examine the mercurial oxides only 
as combined with muriatic acid, it would be foreign to the 
purpofe, to enter into too minute an inveftigation of the other 
jiates of the metal. This, and fome other objects hinted at m 
this Paper, muft be referved for future inquiry, 
fryper-oxflrmir. . In treating the earthy hyperoxigenized muriates with phof- 
<§£ iphate of filver, as I mentioned before, I obferved that the li- 

quor fometimes contained in folution oxide of filver ; which, 
trpon examination, I found to be combined with hyperoxigen- 
ized muriatic acid. As the fait which is thus formed is differ- 
ent, in every refpe6t, from fimple muriate of filver, it may be 
of fome importance to confider it with attention. In the firft 
place, it will afford the moft convincing proof of the difference 
between muriatic and hyperoxigenized muriatic acid ; and, ia 
the next place, it particularly deferves to be remarked, for 
poffeffing, in the moft eminent degree, one of the great cha- 
(olubte In 2 parts ra6teriftic features of the genus to which it belongs. Hyper- 
oxigenized muriate of filver is foluble in about two parts of 
warm water; but, by cooling, it cryftallizes in the fliape of - 
Tmall rhomboids, opaque and dull, like nitrate of lead or of 
faarytes. It is fomewhat foluble in alcohol. Muriatic acid 
decompofes it ; as does nitric, and even acetous acid : but the 
xefuit of this decompofition is not, as mighthe expe&ed, nitrate 


(lightly fol. in 
alcohol. 


Digitized by 


Google 



fcBSSRVATioNS ON MURIATIC AC)I*. 245 

«r acetite of filver. At the moment that the acid is expelled Acids decompofe 
from hyperoxigenized muriate of filver, a re-adion takes place [iatgYnfteadTf 1 * 
among its elements : oxigen is difengaged ; and the muriatic feizing the fil- 
acid remains in combination with the oxide of filver. If this vcr * 
fad be compared vrith the manner in which nitric and acetous 
acids ad upon hyperoxigenized muriate of potato^ it will give 
a ftrong proof of the proportionate affinities of all thefe acids 
for oxide of fiiver, in comparifon with that which they exercife 
towards the alkali. 

Hyperoxigenized muriate of filvejj when expofed to a very ftyp. ox. m. of 
moderate beat, begins by melting, and then gives out a CQnfi- ^ 
derable quantity of oxigen gas, with effervefcence ; and mi*- becomes muri- 
riate of filver remains behind. Thefe phenomena however ate * 
differ much, according to the degree of beat applied. Whe*n With fulphur it 
hyperoxigenized muriate of filver is mixed with about half 4s cxplodcs * 
weight of fulphur, it detonates in the moft violent manner ; 
and does not, like hyperoxigenized muriate of potafh, require 
the addition of charcoal, to pofiefs a very great force of explo- 
fion. The fiighteft preffure is fufficient to caufe this mixture by the flighted 
‘to detonate; and I fiiink I (hall be within bounds, when I preff “ rc> 

Hate, that half a grain of hyperoxigenized muriate of filver, 

with a quarter of a grain of fulphur, explodes with a violence at lcaft ten times 

at lead equal to five grains of hyperoxigenized muriate of pot- £ s 

afh, with the due quantities of fulphur and charcoal, Theo/potalh. * 

flath is white and vivid, and is accompanied by a fliarp and 

quick noife, like the fulminating filver fo ably deferibed by 

Mr. Howard ; and the filver is reduced to the metallic date, 

and vaporized. 

I think it right to add a few remarks upon what I haveprderof attrac- 
termed the proportionate affinities of acids and of bafes, one oxM 
for the other. It is a law, not indeed uni ver (ally, but fre-quentlyverydif- 
quenlly obferved, and very well worthy of confid&ration, that that 

the acids are attra&ed by metallic oxides, in a very different 
order from that in which they are difpofed to unite to alkaline 
And earthy bafes. 

Nitric acid, which holds fo high a place in the order of Acids commonly 
, Affinities for alkalis, is expelled from metallic oxides by 
acids. Phofphoric, fluoric, all the vegetable acids, except two they on the 
or three, and the animal acids, attraft the latter bafes more metals ; 
.firongly. Nay, we fhall find, upon an attentive examination, 

R 2 that 
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OBSERVATIONS ON MURIATIC ACID. 

that acids commonly attraCt metallic oxides, in the invefli 
ratio of their action upon metals, or, in other words, in pro- 
portion to their own affinity of compofition. Thus, the phof- 
phoric and fluoric acids fometimes rank before the fulphuric ; 
and the nitric, as I before faid, is generally very low. Hyper- 
Oxigenized muriatic acid feems to follow the fame rule ; and 
takes its place, in the order of affinities for metallic oxides, 
after many of thofe acids which it can expel from earths and 
alkalis. 

The other hyperoxigenized muriates, I have not yet fiiffi— 
ciently examined. I fhall, however, mention at prefent, that 
1 have afeertained the muriatic falts, formerly known by th« 
tlrange name of butters of the metals, to be muriates, and not 
hyperoxigenized muriates; and the extraordinary proportion 
of oxigen, to be combined, not in the *acid, but in the metallic 
oxide. 

In the courfe of different experiments, I have known hypef- 
bxigenized muriatic acid to be formed in two cafes, where I 
could not have expeCted it. 

In the analyfis of fome menachanite from Botany Bay, given 
to me laft year by the Prefident of the Royal Society, I ob- 
ferved, that while the oxide of titanium was precipitated from 
the muriatic acid in which it was diffolved, the excefs of oxi- 
geri in the oxide pafled over to the muriatic acid and the 
potafh, already in the liquor, and that hyperoxigenized mu- 
riate of potafh was formed. I have attempted the fame 
experiment with black oxide of manganefe, but could not 
fucceed. 

There is, however, a flill more extraordinary formation of 
this acid, in the diflillation of nitro-muriatic acid upon platina. 
Oxigen is abforbed by the metal ; yet, not only oxigenized, 
but alfo hyperoxigenized muriatic acid is formed. I have 
repeated the experiment feveral times; and am well con- 
vinced of the faCt, however contrary to theory it may appear. 
I have tried the a&ion of oxigenized muriatic acid, upon 
nitric acid, in the hopes of forming hyperoxigenized muriatic 
acid ; but there was no aCtion to this effeCt among their 
elements. 

The fa6t of the production of a peculiar gas, by the diftilla- 
tion of nitro-muriatic acid upon platina, has been obferved by 

Mr. 
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Mr. Davy, in his Refearches *. But, as hyperoxigenized mu* 
riatic acfd was not known at that time, he could not fay the 
real nature of that gas. Had Mr. Davy carried his ingenious 
experiments a little farther, we toould have been much earlier 
acquainted with the laft degree of oxigenizement of muriatic 
acid. 

'Mr. Berthollet terminates his Paper upon hyperoxigenized Berthollet confi- 
rauriate of potato, by faying, that he will confider muriatic 
acid as the radical ; oxigenized muriatic acid, as correfpond- &c. 
ing with fulphureous and nitrous acid ; and the acid which he 
conjednred to drift in this fait, as correfponding with fulphuric 
and nitric acid. I (hall now conclude, by ftating the arguments 
in favour of each denomination, and the analogies upon which 
they are founded. 

Muriatic acid is for us a (imple body ; but it has acid pro- The arguments 
perries of the ftrongeft kind; therefore, from analogy, we Ais 
fuppofe it to contain oxigen. But may not this be too hafty 
a conclufion ? Are we not very doubtful concerning the ex- 
fftence of oxigen in pruffie acid ? And are we not, on the 
contrary, certain that fulphurated hidrogen, which poffefles 
many of the chara&eriftics of acids, does not contain any ? Of/ 
the oxigenizement of fluoric and boracic acids, we have no 
proof : but then we cannot affirm that any one of thefe acids 
exifts in three ftates of combination with oxigen ; and the mu«r 
riatic is the only radical of which we admit this fad. We mud 
not, however, pretend to limit the number or degrees of combi- 
nations between combuftible bodies and oxigen ; but we can 
fpeak with certainty only of thofe things which are proved. 

Befides its acid properties, this fubftance has others, common Mur. acid, like 
to OJdgenisable bodies. With 16 of oxigen, it forms an acid, 
which, in many of its properties, is to its radical what the oxigenieable bo- 
fulphureous is to fulphur. Like the fulphureous, it is volatile ; 
has little attradion for falifiable bafes; deftroys vegetable igen, 
lilues; and is capable of further oxigenizement. With 65 
of oxigen, it becomes more fixed, like fulphuric acid ; has 
a ftronger affinity for faliflable bafes ; and acquires more truly 
ficid properties. Upon thefe confiderations, I fubmit to 

• Dr. Prieftley, alfo, mentions a peculiar gas, produced by diftil* 

)|ng a folution of gold in aqua regia % 
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the comical world, whether, in the prefent ftate of ou£ 
knowledge, it be not more philofophical to fay. 


(Muriatic radical, or*J 
fome fingle word 
of the fame import, * $ « 
Muriatous acid, 

Muriatic acid, J ^ 


Muriatic acid ; 

OxigenizCd muriatic acid ; 
Hyperoxigenized muriatic acid* 


I am fully aware that, at firft fight, this tnay appear extraor-. 
p dinary 5 and the more fo, as we have no jfofifcive fa6U that 
prove muriatic acid to be a fimple body. All we can, therefore^ 
confider fairly, is, in favour of which appellation d6es the fum 
cf analogies feetn to preponderate. And, to give the c&ufe m 
candid inveftigation, we fhould begin by confidering, whether 
the prefence of oxigen in all bodies that have acid properties, 
has been rigidly demonftrated; ahd not determine by this law 
of the French chemiftry, till We are well convinced it has not 
been too generally afTumed. 

If a nomenclature be not fubfervient to the ufes of fcience, 
and does not keep pace with its progreft, the relation between 
fubftanCes and their names Will become fo relaxed, that confu- 
lion will be brought about* by the very means we take to avoid 
it ; and if, while we continue to extend our acquaintance with 
chemical bodies, nomenclature remains confined within its 
former limits, the bonds that unite tbefe two parts of the feieticn 
tnuft inevitably be broken. 


m. 

On Hie prefint State of the Briti/k Mufeum . % a CorrefftendeM* m 

I'F will probably be confidered a preemption, even bordering 
on impertinence, to remark, that no eftablifhment is of left 
utility Xo the public, and none a greater reproach to the na- 
tion, than the Britiflfi Mufeum in its prefent ftate j; but as the 
remark is made with the pureft motive, it is hoped its apparent 
petulance will beexcufed. 

That this magnificent and valuable collection, bought by the 
public for their own ufe, and entertained at their pwn ex- 

* Whofc name accompanied the paper.— W. N. 

pence. 
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pence, Ihould be rigoroufly (hut up from the public themfelves* 
is fo extraordinary and difgrageful a fa<51, that I am wholly at a 
lofs to account for it, particularly when I refledt that the faCb 
occurs in a natipn who prides itfelf, above all things, on the 
free enjoyment of its liberty and its property . 

It may be objedled to me, that the Mufeum is not literally hecaufc the times 
feut up from the public, and that, on the contrary, it js in mad^conve- 
power pf any individual to procure a fight qf it. True ; it is ip nienttoftudents; 
the power any one to procure a curfory view of it, after the. 
formality of inlcribing his name on the regifter of admiffion,- 
and waiting until the keepers think proper to appoint hiip a 
precife day and hour, when it is very likely his other engage- 
ments may deprive him of the pofiibility of attending. But, and the a£ual 
fuppofe the appointment procured, and the time conven ient, tu^hur- 

what gratification or indruCtion can be derived from prowling tied through a 
through a fuite of apartments, at the heels of a keeper, who fultc of rooms * 
is anxious to difpatch you as foon as pojfible, and in company 
of a dozen people, each of whom is eager to catch a tranfient 
glance .of every objeCt within his reach, and each exclaiming 
pt the ** wondrous furprifing” things which (urroupd him. 

. The library, the mod valuable and mod: extensively ufeful The library fold 
part of the Britilh Mufeum, is precifely that part which is mod onty aVthc^ea- 
completely feci tided from the public. To vidt this it is indif-furc of the li- 
penlahly neceflary to be introduced to the librarian, and to ob- brarun * 
tain Aw permifiion to confult the colledlion. How different is Not fo on the 
it on the .Continent ! there, fcarce a town of any note but has Contmcnt * 
its public library, to which free accefs may be had at all times* 
by every individual, whether dranger or native. How humUir^ eflc ^ ion * 
ating the companion ! and how lingular that London, wherf 
the fciences and the arts are cultivated with greater fuccef* 
probably than in apy other fpot of the globe, Ihould be deditute 
of a (ingle public library. 

If I might prefume to fugged apian for rendering the Britilh Suggeftion; that 
Mufeum a real benefit to the public, I would propofe that the ctucafon^fhould 
library, and the collection of objects relative to natural hifidry, befeparated. 
&c. ihould be formed into two feparate eftabli foments, to , 

each of which the public might have the freed accefs during as 
great a portion of the day as poffible, * 

The library might be open all the year round, from eight in Regulations for 
the morning until four in the afternoon* and again from fix ^ bbrary# 
until ten at night. It (hpuld be fvicnifiied with tables, pens, 

3 and 


Digitized by kjOOQle 



Sro PRESENT STATE OF THE BRITISH MUSEUM. 

and ink: the floor (hould be matted, and the room properly’ 
heated during the winter feafon. The books (hould be deli- 
vered by the alfiftant librarians to thofe who might require 
them ; but on no account (hould any book be peimitted to be> 
taken out of the library. A regular regtfter might be kept of 
the books delivered out each day, with the names of thofe who 
required them; and the delivery might be cancelled as they 
were returned to the librarian. It might perhaps be proper, 
on account of the value of the manufcripts, to require the ex* 
prefs permiflion of the principal librarian for their perufal. 
Concerning the A proper fund (hould be provided for the neceflary expence 
othpr^b'cds Iibraf y> wb * cb might be under the direction of a commit- 

* * tee: fuch fums as were over and above the expence of the 
maintenance of the library, might be applied to the purchafe of 
fuch books as the committee (hould fee ’expedient. But to 
contra6t, as far as poflible, the expence of fupplying the library 
with new publications, the donations of public fpirited indivi- 
duals (hould be folicited, and the names of the donors regiftered 
ip a confpicuous manner on each book they prefented. Thp 
committee might be empowered tp fell, by public auction, 
from time to time, fuch duplicates as might be received, &c. and 
be thought unneceffary to retain in the library. The account! 
of the library might be adjufted every quarter ; but they (hould 
conftantly remain open for the infpe&ion of the public. 4- 
Tegular catalogue of the library (hould be printed in odtavo; 
and fupplements might be added from time to time, as the new 
pcquifitions (hould render it neceflary : one or more of thefe 
catalogues (hould be conftantly kept in the library, for the 
purpofe of general reference. A binder and proper ailiftants 
ihould be attached to the library, through whofe hands each 
volume (hould pafs at leaft once every year; and it might nqt 
be beneath the attention of the committee, to hold out premia 
* '* urns for any improvements which (hould be made in the binding 

of books, fo as more effedtually to preferve them from the at- 
tack of the worm, and from gradual decay. 

The collection of The colle&ion of obje6ts relative to natural hiftory, &c.. 
natural hiftory. (hould be under the fuperintendance of a feparate committee ; 
pjre&om an d t ^ s e ft a bli(hment, if properly conducted, could hardly 
fail to become one of the fincft and moil inftru&ive repofitories 
in Europe. No nation is fo well fituated for eftabli(hinga 
national Mufeum as our own: out: extend ve commerce, and 
. - the 
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the public fpirit /of individuals, would (hortly fupply us with 
the choiced fpecimens from every quarter of the globe ; and 
et this very moment thoufands of valuable fpecimens are 
rotting in obfcurity, for want of a national Mufeum to receive 
them. » 

The arrangement of this edabli/hment requires confiderable Arrangement of 
' knowledge and ability ; it would therefore be the highed pre- thc colicaion * 
fumption in me to attempt to dictate on the fubjeCt. I /hould Five clafles. 
f conceive, however, that the whole collection might be advan- ^bleT} mmeralej 

tageoufly feparated into five claffes. The fird might compre- curiofities ; ob- 
bend the animal, the fecond the vegetable, and the third theJ eftsofarU 
mineral kingdom ; the fourth might comprehend objects of 
pure curiofity, and fiich as were illudrative of the /late of 
fociety, of arts* and of manufactures of various nations; thq 
fifth might comprife fuch objects as tended to the improve- 
ment of, or were /imply illudrative of the arts, fciences, and 
/ manufactures of our own country. * 

In the arrangement of the objects of natural hi/lory, I would Natural hiftary. 
fugged that the mod extenfive Scale /hould be a/fumed, and that SuS> J cfi8# 

/paces /hould be left for the jnfertion of fuch objeQs as were J 

Wanting, and were likely to be procured : the places of thefe 

objects /hould be Supplied by accurate drawings or models, if 

po/fible. To each objeCt might be attached its proper name, 

both in Latin and in Engli/h ; and a descriptive catalogue of Catalogue. 

4 fhe Mufeum /hould be printed, which might at the fame time 

ferveasan introduction to the Study of each clafs. 

The donations of public fpirited individuals (hould be folk Donation*, 
cited for this edabli/hment, as for the library ; and the names 
*>f the donors fhould be regularly inferted in the public prints. 

The committee (hould alfo be empowered to difpofe of fuch 
.duplicate fpecimens as might be fent, by public auction. 

A laboratory for the preparation of objeCls of natural hi/lory Laboratory, 
{hould be annexed to the edabli/hment ; and the committee 
might be directed to offer premiums for improvements in the 
art of preparing and preserving thefe otyeCls. The committee 
might alfo be enjoined to publi/h conciie directions for travel- 
lers, for collecting, preferving, and tranfporting the different 
objects they might meet with j copies of this work /hould be 
; given to all who might requed them. 

I am inclined to think that if this edabli/hment was conducted Confequences of 
an extenfive and a liberal fcale, -it would (hortly comprife * 

mod 
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conduct of this fiioft of the private collections in the kingdom ; for it is pre- 
cftablifhmcnt* f urae <j that there are few lovers of natural hiftory who would 
not prefer the honourable applaufe of completing the national 
Mufeum, to the felfifh pleafareof pofFefl&ng an imperfect and 
comparatively ufelefs collection of their own, efpeciaily as 
they would enjoy the credit of the oolleCtioft equally as if it re- 
mained in their own private pofleflion* 

Exteiifion of the By degrees as the collection enlarged, and as its utility was 
Jiuftvm. more fenfibly felt, it is to be prefumed that the nation might bo 
induced to purchafe ground, and to ereCt appropriate and ex- 
* tenfive buildings to contain it t in (hort it would feem, were 
this plan to be adopted, that we might indulge ogrfolves with 
the profpeCt of fpeedily poflfeffing one of the fineft, the mad 
fntejrefting, and moft inftruCtive eftablifhments in the univerie, 

b G * « 


ANNOTATION- W. N, 


great impor- 
tance. 

They hare vi- 
goui at firft j 


Public eftabliflj- Though the importance and value of public efteblifltment* 
ments are of have been f| ron g]y felt and admitted in all ages, yet there has 
not, as far as I know, been any direCt investigation of the means 
of giving them permanence and effeCh A public library, col, 
lege, inftitution, or fociety, may be radically defective in its 
conftitution, and, ncverthelefs, -flour ifh for a time by virtue of 
the ability and aCHve exertions of its founders; and it is ear- 
but foon decay, tain, that every confutation whatever will afford *>nly a perifh- 
able eftablifhment, unlefs it contain fora e inducement by which 
fuch exertions (hall be invited and continued in its favour, it 
appears to be extremely difficult, and perhaps in ftri&nefs ira. 
poflible, to produce motives of this kind by mere regulation ; 
and truftees, managers, mfpeClors, or governors, being bound 
by the letter of the ftatutes, can feldom be exposed to make 
lathis degenc- advances in fupport of the fpirit of the foundation. Is it an 
racy inevitable ? unavoidable confeqm ece, that fchools, univer Cities, and fo~ 
cieties, fhall degenerate into mere roftrumepts for conferring 
degrees or titles? Are all eftabliftunents perHhable unlefs en- 
dowed ? Is it from the operation of inevitable eayfes that va- 
rious endowments are productive of little or no eflfe&, and that 
mOft unendowed eftablifhments difappear in a few years? 

IwAances. Gro- Among the former we may mention tho Grefham foundations 
fham College and 


Endowments, 

fte. 
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ppd various public libraries in this town, with feveral colleges* 
fchools, and focieties, which it would anfwer no good purpofe 
to name without more ample comment ; and among the latter 
the colleges of Warrington and Hackney, begun with great 
fpirit, but 4* a few years abandoned. Or may we not rather The fcifory of 
hope, that ap invefiigation of confiitutional and hiftorical fads, 
refpediqg pll the public means of inftrudion in this and the (hew how to 
neighbouring countries, would aflift us in the means of giving P refcrve • 
full energy to thefe important eftablithments? How are the Correspondents 
colledions and libraries on the Continent regulated as to fupply t0 
pf materials, prefervation from injury or embezzlement, and con ti n enuI li- 
ready accefs by. the ft u dent ? What may be the flate of the braries, the Bri* 
mufeums and libraries in London, and our uni verities, in thefe ^ UoitaMfe 9 
and other refpeds ? Can the coliedive power of any body of make progiefc* 
men be eminently applied to forward literature and the fci- 
©nces ; and if fo, why has it generally failed ? &c. Thefe 
pnd many othef interefting fubjeds of inquiry, might be cleared 
up by Correfpondents of Journals, who may not have leiftire 
for the diced and ample difcuffion of a fubjed of fuch magnU 
tude and extent. 



pf the Properties of the Earth Yttria, compared with thofe of 
Glocine ; of Poffils, in which the firfi of thefe Earths is eon- 
- tailed i tint of the Difcovery qf a new Subjtonce of a metallic 
• Nature (Jkntatium)* By A. G. Ekebero 


THE firft part of this Memoir contains the particulars of the FSrft past of the. 

experiments made by M. Ekeberg, to confirm the difference Menooir * 

exifting between glucine and the earth lafl difcovered in ga- 

dolinite, and named yttria or gadoline ; but as the particular 

hature of each of thefe earths is well known to chemifts, it 

would be fuperfluous to fay any thing in this place on tfie 

fubjed. 


* Kongl. Jhveetfk. VeUnjkaps, academiens nya HanAliugar j fier 
yer 1802, Smarted L Pag . 68. 

This abridged Memoir is from the Journal de Vaa Mom, but X 
take it from the Journal de Phyfique, LV, 28 l , 

As 
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FlOPEftTIES OF THE EAETH YTTEM. 


As there is novelty to recommend the fecond part of this 
Memoir, we (hall communicate it to our readers in a faithful 


tranflation. 


Mineral fub- 
ftance nearly in* 
▼eftigated, con- 
taining a metal 
hitherto un- 
know a. 


The author remarks, that although die mineral fubftance 
which he has difcovered contains yttria, it cannot be clafled in 
a fyftem of mineralogy as a fpecies of that earth, on account of 
the more abundant prefence of another equally remarkable 
fubftance, which mud be carried to the numerous clafs of me- 
tals. He found this fubftance in two fofiils obtained from 


different fituations : in one place it was united with iron and' 
manganefe, and in the other with iron and gadoline. 1 

Infoluble in all This new metallic fubftance is charadterized by its infold"* 
the arids^fo- ^biijty j n all the acids. The only re-agent that has any adtion 
alkali/ on is fixed cauftic alkali. When expofed to the fire with 


precipitable by 
acid, but not fo- 
)uble i 


tbe precipitate 
white, even after 
ignition i 

foluble by heat 
with alkaline 
pbofpbate or bo- 
rate ; but give* 
no colour. 

It is reducible to 
a metallic button 
by charcoal ; 


that alkali, the mafs being afterwards lixiviated, it partly dif* 
folves in water, and may be precipitated from this folution by 
means of an acid, but the precipitate is not in the leaft at- 
tacked, however great the quantity of acid employed. When 1 
feparated by filtration and dried, it has the forjn of a*n ex- 
tremely white powder, which does not change colour even at ; 
a red heat. The remainder of the mafs being treated with 
acids, affords the fame powder. Its fpecific gravity, after 
ignition, is 6 , 500 . It is fufible with the blow-pipe, by the 
addition of alkaline phofphate and borate of foda, but it doe$ 
pot communicate any colour to the flux. 

. When expofed to a ftrong heat in a crucible, without any 
mixture except pounded charcoal, it is reduced to a mode- 
rately hard button, having a metallic brilliancy at its furface. 


and is then ox- but its fradture is dull and blackilh. The acids have no other 


foluble b^afids a ^ on on ^is kind r egulus, than that of caufing it to return 
* to the ftate of white oxide. The circumftances of the reduc- 


tion, as well as the fpecific gravity of this fingular fubftance^ 
feem to plkce it among the metals, and I have fufficiemt reafon 
It appears to be to be perfuaded that it is not the fame as any of thofe hitherto 
a new metal j known. The fubftances with which it is likely to be con T 
founded are the oxides of tin, of tungften, and of titanium, 
which are foluble in the cauftic alkalis, and in all circum- 
not tin, becaufe fiances refill the action of acids. But the oxide of tin is eafy 
mfoluble, and to b e difloived a nd reduced; tungften is eafily detedted by its 
ducible ; folubibty m ammonia, and by the blue colour it communicates 

nor tungften, , 

becaufe it is nei- 
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tb phofphate of foda ; the oxide of titanium gives to borax the ther Soluble in 
colbur of hyacinth, and becomes foluble in acids when fufed ^^^uTco- 
with carbonate of potafh *. lour, to phof. 

Before the author deferibes the chemical analyfis he has un *^ r 1 tiunium 
dertaken of thefe two fubftances, which he regards as ores of becaufe it does 
the new metal, he has chofen to deferibe their external cha- ^ 
rafters. In order to avoid circumlocution, he has ventured to foluble in acids 
give them a generic name. By availing himfelf of the ufage w ^ en f»fcd with 
which admits of mythological denominations, and in order to E^fcr^Ubarac- 
-exprefs the want of power of this new metal to become fatu- tew. 
rated with the acids into which it is plunged, he has given it The new metal 
the name of tantalium; for the ore compofed of tantalium, of tonuHum. tCd 
iron, and of manganefe, he propofes the name of tantalite ; and its ores tantalite 
for that containing yttria, the appellation of yttrotantalite , ^ yttrotanta- 
which cannot be thought more heavy than that of fiderotitani- 
um, already adopted. 

He received the fpecimen of tantalite from M. Geyer, Di- Locality and 

reftor of Mines, who has allured him that this fubftance has &c * °f 

tantalite. 

been known fi nee the year 1746, and has been regarded as a 
problematical variety of tin garnet ( zinngraupen ). It is found 
near the farm Brokaern, in the parifh of Rimito, in the go- 
vernment of Abo, in Finland, in a large mountain, on the 
banks of the Baltic. The gangue is compofed of white quartz 
and mica, with veins of red feld fpar in large plates; fub- 
liances which compofe the fides of the gangue. The titanite 
is diflem mated in the form of garnets. 

. The fpecimens he has feen were in detached cryftals, of s ** e and fi o ure 
the fize of a nut, the moft regular among which feemed to° 
approach the oftahedral form : they contained particles of 
feld fpar and mica. 

Their furface is even, poliihed, and blackifh. Surface 

Frafture compaft, and of a metallic brilliancy ; colour of Fra&ure. 
the frafture not alike all through ; it varies between a greyilh' 
blue and the black of iron. , 

When pulverized, it is of a blackilh grey approaching to Powder ; *rey 
.brown. brownifo. 


* The author neverthelefs entertained fome fufpicions of the iden- 
tity of this new fubftance with the latter metal, and nothing but a 
com pari fon with the titaneous iron of Nomay, which he decom- 
posed with this view, convinced him that this identity does not exift. 

- * It 
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Gives fptrfcs* 

Sp. fctrltf. 

locality and 
gangue, 6cz. of 
yttrotantalitc. 


Site and frac- 
ture of the 
sudTes. 

Hardnefe. 

Powder* 

Not magnetics!. 
Spigr. 

On gadolinite. 


PkOPKRTIliS O* Tif£ H4B.TH YTfRJA. 

It Is fafficiently hard to give (porks with the fieel. 

He did not remark whether it is attracted by the magnets 

Itsfpecific gravity is 7,953. 

The ytlrotahtalite is found in the feme place and in the fame 
gangue as gadolinke. Klaproth fays, that the latter is found 
incruked in a mafs of granite; but though the conkituent 
parts of granite are occafionally found wkh it, it is not thelefs 
infilled that feldfpar is its true gangue, as is clearly feen in the 
inkances of the great quarry at Ytterby. The mica and quartz 
found in it form dikind parts, and do not enter into combina- 
tion with the feldfpar ; (he fpeaks only of the makes of the 
principal rock, without difputing the poffibility of particles of 
the three fubkances being found mixed) ; but m general it is a 
rock of feldfpar interfered by large veins of mica in a dire£Uon 
almok perpendicular; and the gadolinite and ythrotantalile 
are to be fought near thefe veins. TJao firk is cemmioaly 
Ibund attached to one kde of a vein of filvery mica, and the 
rek of its mafs enveloped with feldfpar. The fecond is never 
found immediately adherent to mica. The makes or Jkidnies 
which it forms, are enveloped with a thin cruk of feldfpar, 
Separated from the general mafs by flight layers of a greyifh 
black mica. The gangues charged with thefe kidnies are 
leldom infulated They are found in clukers, feparated from 
the principal rock and from one another by kmilar coatings 
of mica. Thefe fubkances are generally thus difpafed by na- 
ture, and it is very feldon]i that they are found dikbminated in 
grains in the rock of feldfpar. 

The largek makes he has found of the ore of yttnqfastalium 
were not of the £ze of a nut. Its fradture is granulated, of 
the black colour of iron, with a metallic brilliancy. 

Its hardnefs is not conkderable ; it may be (craped wKh a 
knife, though difficultly. 

When in powder it is ofagreyifh colour. 

The magnet does not attract it. 

Its fpecific gravity was found to be 5,130; but as no fpeci- 
men was found totally free from feldfpar, it was fufpe&edthal 
its real weight is more confiderable. 

The abridger concludes his e*tra6t by giving an .outline of 
ihat part of M. Ekeberg’s Memoir, which treats of ^the analyfis 
of gadolinite and the comparifon of yttria with glucme, which 
•feveral writers have affirmed to be -of the fame nature. 

Gadolinite 
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Gadolinite when pure is hard enough to give fire with fteel. It is hwd 5 

It is found cryftallized in an imperfed manner like fomectyftallisedj 
fpecies of garnets* 

It contains glucine. cmbnns gkd nt. 

Befides the diftindions between gadoline and glucine efta- Oadolin c and 
blithed by Klaproth and Vauquelin, thefe earths differ in the 
following peculiar properties. 

The fpecific gravity of gadoline differs confiderably from in (pec. gravity* 
that of glucine, which is only 2,967, whilft that of gadoline is 
^84f . This laft earth is the heavieft of all the known earthy 
fubftances, fince it is 0,842 heavier than barites, which only 
weighs 4,000. 

It is foluble in the alkaline carbonates. Gadoline is fol 


It is abfolutely infoluble in the cauftic alkalis. 

It is not precipitated by the fuccinates as glucine is. 



lufele in*l leal in* 
carbonates, 
not in pure aik. 
nor (like glu- 
cine) precip. by 
fuccinates. 


v. 


On the Probability that the Eruptions of Lunar Volcanos may reach 
the Earth . By J. B. 

To Mr. NICHOLSON. 

S I R, 

Cambridge, Nov. 6, 1802. 

The fad of ftony and metalline fubftances having at differ- Stones fallen on 
ent times fallen on the earth, feemsto be confirmed by fuch ^ carth * 
ftrong evidence, that a doubt can fcarcely remain as to its 
reality ; permit me through the medium of your Journal, to 
offer to your readers an attempt to account for this phenome- 
non. The exigence of lunar volcanos, atleaft equal in Lunar volcanos, 
nitude to thofe of the earth, has been proved by ocular de- 
monftration. The velocity with which a body muff be pro- Velocity of t 
jeded from the moon’s furface fo as to be carried within the fhrovm frwnffie 
fphere of the earth’s attradion, is about 1 2,000 feet per fe- moos, 
cond ; now when we confider the height to which volcanic 
fubftances are projeded during an eruption, and how very 
confiderable a part of fwift motion muff neceflarily have been 
•deftrpyed by the refiftance of the atroofphere, I think it by no 
means improbable, that the force exerted may be confiderably 
greater than would be neceffary to carry a body -12,000 feet in 

vacuo. 
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The lunar at- vacuo. The atmofphere of the moon cannot offer fo great fe* 
Kttll. 16 fiftance to the motion of bodies as that of the earth, as it is 
certainly much rarer than ours, and probably its height is no t 
much greater than that of the lunar mountains. * From all thefe 
circumflances taken together, I think it by no means impro- 
bable that the volcanoes of the moon may occafionally project 
bodies svhh fufficient force to carry them to the earth. 

I remain, SIR, 
your’s, 

j< B. 


Whence bodies 
may be thrown 
to the earth. 


OBSERVATIONS.— W. N. 

Remarks on the Againft the conjecture of J. B. it feeras to be a principal 
above letter j difficulty that the (tones fallen on the earth are thought to have 
arrived in a fiate of ignition, which they mult have preferved 
through their immenfe paffage from the moon. If the meteors 
or ignited globes be allowed to be (tones of the kind in quef-t 
tion, their extreme velocity jn fome inftances may be thought 
to favor his hypothefis, But this fubjeCt, like every other iit 
which the data are few, affords wide range for fpeculation. 
When we reafon from our want of knowledge,' there is fcarcely 
any branch of fcience more favorable to the procefs than che- 
wiih other very We are ignorant of the component parts of the earths. 

We conjee- the metals, oxigen, azote, hidrogen, &c. and of the very 
tww8 * exigence of light, caloric, eledricity, and magnetifm, as inde- 

pendent bodies. Some, if not all of the former may be, and 
rnofl probably are, compounded. We fee very fudden or in- 
fiantaneous feparations of water, light and electricity from the 
atmofphere. May not iron and nickel be among its ingre- 
dients, and may they not by caufes equally unknown, be no' 
lefs rapidly feparated, with the emiflion of light and heat?* 
Even if thefe metals exift in the atmofphere diffeminated, fuf- 
pended, or difiolved like aqueous vapors, (and we know they 
, . , emit effluvia perceptible to the fmell) their quantity may elude 

all chemical tefts from its minutenefs, and dill be fufficient to 
anfwer the phenomena. A cubic foot of air does not weigh 
100 grains, and if one thoufandth part of this were metal, the 
quantity contained in the air to the height of 500 feet over a 
■Angle field of ten acres would be about a ton* and a half, of 
which a fmall part being precipitated, would afford a prodi- 
gious (hovver of ftones. • • 

VI. Enquiries 
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VI. 

Enquiries concerning the Dilatation qf the Gqfes and Vapors . 
Read to the National InJUtute of France . By Cit. Gay 

Lussac. 

[Concluded from Page 216.) 

The following is the table of refults of Citizen Guyton and 
Duvernois, in which they have placed between brackets thofe 
in which they place little confidence. 



From o° 
to 20 ° 

From 20 9 
to 40 0 

From 40 * 
to 6 o* 

From 6 o° 
to 8 o Q 

From o° 
to 8 o* 

Common air 
dilates to 

1 

. 

1 

r_L. \ 

1 

12,67 

5,61 

2,49 

\ 3,57 J 

1,067 

Vital air 

1 

1 

1 

/% , J_\ 

i 

22,12 

4,92 

1,53 

\ J + 1,73/ 

2,09 

Azote gas 

1 

1 

1 

5+ thr 

*+ 1 

29,41 

5,41 

1,82 

' 1,062 

Hidrogen 

gas 

1 

1 


( 1 \ 

1 

11,91 j 

6,92 

V 58,82 J 

2,55 

Nitrous gas 

1 

1 

1 

(—\ 

1 

15,33 

9,00 

3,739 

\ 6,88 ) 

1,65 

Carbonic 
acid gas 

1 

| 1 

1 

( - .» 7 


9,0+9 

5,099 

2,31 

\ 3,69 ) 

' 106,3 

Ammonia- 
cal gas 

1 

1 

1 

1,331 

, _L \ 

*+ 1 

3,58 I 1,75 

l 3+ +,69] 

1,248 


Before I proceed further, I ought to premife, that though 
I had frequently found that oxigen, azote, hidrogen, carbonic 
acid gas, and atmofpheric air, dilate equally from 0 Q to 80 p , 
Cit. Charles had remarked the fame properties in thefe gafes 
fifteen years ago ; but having never publifhed his refults, it 
was by mere chance that I became acquainted with them. 
He likewife endeavoured to determine the dilatation of gafes 
. Vol. III.— December, 1802. S which 
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Apparatus of 
Cit. Charles. 

A barometer 
with k large va- 
cuum, and a re- 
fervoir below 
for the gas to 
prefs on the 
mercury. 


This was inac- 
curate, becauih 
the rife of the 
mercury give 
room far epc- 
panfion. 


25* ©VlATATtO H 09 THE GASES. 

which are foluble in water, and he found in each a particula 
dilatation differing from thofe of the other gafes. In this re- 
fpe6t my experiments differ much from his. , 

The apparatus of Cit. Charles confided of a barometer 
whofe chamber or upper fpace was of great extent. The gas 
on which the experiment was to be performed was enclofed 
in the refervoir, or lower fpace of the barometer, at the tem- 
perature 0°, and under the preflure of 28 inches of mercury* 
the barometer was plunged in boiling water, the mer- 
cury rofe in the tube, and the excefs of the whole column 
above 28 inches indicates the elafticity acquired ^ the gas ; 
but Cit. Charles having had the politenefs to (hew me his ap- 
paratus, I few that the tube of the barometer was too large in 
proportion to the capacity of the refervoir ; fo that the eleva** 
tion of the mercury above 28 inches did not indicate all the 
fprtng the ga* had acquired, becaufe in that eafe its volume in 
‘ the refervoir ought to have remained con flan t. It appears then 
to me* that the real dilatation of the gafes cannot be decided 
from his experiments. 

5 Art. III. Defcription of Apparatus . 

* . • ■ 

Apparatusj for . A receiver B (Fig. 1. PI. IX.) has a cock* of iron R, -to 

Jobc^th an be ad) lifted a bended tube I, D, (Fig. 2).* The 

iron cock | ollcdkey of the cock carries a lever L L bored at its two extremi- 
^* UfU fd^ nd ** es * n of d e * to receive two cords, by means of which the 
water to b# cpck may be opened and fhut under the water. In order to 

heated^ introduce the gas into the receiver I ufe a bellglafs M, (Fig. 1.) 

expand'anlpaf* to whjqfc are adapted a cock and bended tube T, plunged in 
out, and the a veffel Q, S. When water is poured into the veffel, and the 
cock opened, the gas comprefTed in the bell efcapcs through 
the tube and fills the receiver B, reverfed on a bath P, O, of 
mercury, 'fhe receiver B being full I. fhut the cock : I adjufl 
the tube I, D, (Fig. 2.) to it, and I fix it in a cylindrical 
cage of iron E, F, G, H, which I then carry to a copper vef- 
fel A, D, filled with water. In order that there might be no 
eomtn unication between the exterior air and the gas indofed 
in the receiver, when the cock is opened I caufe the extre- 
mities of the tube I, D, of one or two millimetres (thirtieths 
of an inch) to be plunged in a fmall bath K, X, of mercury. 
This done I heat the bath, and from 10° to 10° for example, 
I open the cock and fhut it immediately. The gas dilated by 

- the 


expanfion 
fured. 
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the heat coming brifklyout of the neceiver, quickly drove off 
the atmofpfeeric air that fitted the tube, and after the 40° the 
epek may be fafely left open during the remainder of the ope* 
ration : I prefer however alternately opening and fhutting it, 
becaufe I find that the gas of the receiver acquires the tem- 
perature of the bath better. After 15 or 20 minutes of ebul- 
lition, a time fufficteat for the whole tq acquire the fame 
temperature*. I dtteng&ge the extremity of the tube I, D, 

6em the mercury in order to re-eftablifh the equilibrium ef 

procure between the exterior air and the gas of the receiver, 

and I then clofe the Cock. After having cooled the bath with . 

ice or water I take away the apparatus, I difengage the re- • 

ceiver from which ! take the tube I, D, and the fever L,L, , ' 

and I plunge it altogether in a batlj of a known temperature, 

where I leave it a fuffieient time to acquire its temperature* • 

When the cock is opened a volume of water enters the re- The relative 
ceiver, which when reduced to a level is precifely equal to 
that of the gas expqjled by the heat. When the cock is Amt perature* deter- 
i withdraw the receiver; I dry its exterior furface with care, mined hy 
and I weigh it in this ftate. I then weigh it firft full of Water, WC1 * ** 
and then empty, and note the refults of each weight. By this 
knowledge 1 obtain the capacity of the receiver by fubtra&ing 
its weight when«e*ipty, from it# weight when filled with wa- 
ter ; and alfo the Volume of the water which reprefents the 
volume Of air expelled by the heat from the receiver, by fub- 
tra&iug again the weight of the receiver when empty, from 
its weight when containing this water. Hence it is very eafy 
to determine the proportion of .the firft volume of the air to 
that of the dilated.. 

This method has lhe*advantage of being very exalt ; for as This method Is 
the volumes are determined from the*weights, any error that ****** 
is committed in this determination mud, be Very trifling, even 
if the (bales employed fhould be but moderately fenftble. 

The apparatus I have jtift deferibed is fimpte enough in it* Afltfhet tpps- 

Mf; but as it contains cement, and a cock which ought to be newly *s 

, ... - , ... . , exafk iod more 

made of iron on account of the mercury, it is rather difficult ealily con-. , 

to execute. It will not therefore be amifs to deferibe another ftro&ed. ^ 

. apparatus which I employ, and which on account of its. great 

ftmp|icity and eafy execution, very nearly combines all the 

advantages pf the former. 

‘ : S 2 It 
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A body with a I t is a Ample globe or body, and the neck of which mttft 

dotted]^ 5 * rt " at leaft one decimetre (about four inches) long. After having 
filled it with the gas by the method already defcribed, I 
plunged in mer- plunge its neck about two centimetres {three quarters of an 
curyi inch) in mercury contained in a common glafs veflel, and f 

fecure it by an iron frame like the preceding apparatus. If I 
were to plunge it in this ftate into a bath of heated water, the 
dilated gas in order to efcape would have to overcome not 
. only the preffure of the mercury in the glafs, but likewife that 
A (mall tube to of the water of the bath. To remedy this inconvenience, I 
JSXthe^ter introduce into the neck of the receiver the extremity of a very 
air when requi- fine bended tube, taking the precaution to keep die upper 
» , aperture clofed till the tube is. plunged beneath the mercury. 

.To fupport the tube I tie a firing about its middle, to the end 
of which I fufpend a weight, and I pafs it over a fupport in 
fuch a manner, that the cord by its action (hall have a* ten- 
dency to draw the tube upwards. The apparatus being thus 
difpofed I plunge it in a glafs veflel, the^vater in which mail 
be on a level with that in the bath i I open the extremity of 
the tube for an inftant, that the equilibrium of preflbre with 
febforvatioa of the external air may be reftored, and I then (hut it. As there 
Sw neck Ury m * s a mar ^ e ^ on neck °f the receiver whofe divifions 
are extremely minute, I fincU exactly the level or ftation of 
the mercury in the neck, and I note it, becahfe it is at this 
ftation that the capacity of the receiver terminates. The lower 
extremity of the tube mod r^fe clearly above th^ furface of the 
s mercury, which otherwife would flow into the tube and refift 

the paflage of the dilated gas* After all thefe operations, 
which are longer in the defeription than the Execution, I carry 
yrken the appa- the apparatus to a bath of hoW water, fend I open the upper 
IiUwiHng water! extremity of thd tube, after having plunged it into a final! bath 
the expanded gas of mercury, as in tLe preceding arrangement. When the re- 
tu^whichiT ceiver is at the temperature pf boiling water I withdraw the 
then withdrawn* tube, the extremity of which mud be previoufly difengaged 
Water is fuffered from the mercury, and I cool the bath. The mercury then 
trenter as it r |f es j nto rece i ver . but it iseafy to fubftitute water as the 
temperature diminilhes. The capacity of the receiver and 
• the volume of water which replaces thecas expelled by heat, 
and the expan- i s determined in the manner already defcribed; excepting 
byweightT med determination to the weight of the empty receiver. 


t* enter as it 
cools,- 
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mudhe added that of a cylinder of water terminated at one 
end by the line of the ftation of the mercury, and .at the other 
by the neck of the receiver. 

I might add a few more details, but I (hall fupprefs them 
for the fake of brevity, and becaufe perfons very little accuf- 
tomed to manipulation will eafily fupply the defedt. 

However, as it is important, from what I have already 
{aid to exclude water entirely from the apparatus, I (hall 
mention how I fuccee’ded in completely effefling this pur- 
pofe. 

If the receiver was vifibly moift, I firft dried it with blotting Methods of, ex- 
paper, and then heated it fo as to evaporate part of the water jJ^'Jromdls 
it might, dill contain, and by means of bellows, to which I gas. 
adjufted a glafs tube, I expelled the vapour by a current of 
air. Thefe lad operations being repeated feveral times on : 

the receiver and tube, both were found perfectly dry. The . » 

mercury which I ufed in my experiments was always em- 
ployed very dry and pure. 

In all the experiments, the refults of which I am about to The terms of 
give, I always reduced the gafes (the dilatation of which 
could be determined by the apparatus here defcribed) to the experiments 

temperature of melting ice. For this purpofe I had a bath we f* **•*■“* 

... . . i it . r * end boiling wa^ • 

with ice m it, mto which the receiver was wholly nnmerled, ter. 

after having withdrawn it from the bath where it was placed 
for the experijpent, and was left there for about half an hour, 
during which I often ftirred thg ice. The other fixed tempe- 
rature, at which I reded for the fame gafes, was that of boil- 
ing water. 

I made fome experiments at other temperatures ; but they Experiments at 
require to be again repeated, and will befides form a part of require!© 
a work I have begun on the law of the # ^ilatation of gafes and be repeated* 
Vapors. I (hall therefore confine myfelf to the dilatation of 
gafes at a fixed elevation of temperature, * which fliall be that 
comprifed between the degree of melting ice and the boiling 
point. With regard to the vapors, I (hall compare their dila- 
tation with that of the gafes. ‘ 

Art. IV. Experiments and Refults . * 

\yben I ufed the two apparatufes here defcribed^ but of- Exptnfion from 
|ene* the fecond than the firft, and avoiding all the oaufes off 1 * 6 * 1 "® t0 ^il- 
, uncertainty 
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Of itmofpKerlc uncertainty that I could fufpcd, I obtained the following fix 
*“• refults from fix experiments on atmospheric air *. 


From the temperature of melting ice 
to that of boiling water, equal vo* 
luraes of atraofpheric air represented 
by 100, became ... 


137,40 

137*61 

137,44 

137*55 

137,4a 

137,57 

137,50 


for each degree. 


f The mean refult is about - 

If the total augmentation of volume be divided by the j 
ber of degrees which produced it, or by $0, k will be found, 
by making the volume at the temperature 0 equal to unity, 
that the augmentation of volume for each degree is rrrTV> or 
W 5 .?? for each degree of the centigrade thermometer* 

THU refult doe# As Deluc obtained for his coefficient, k feema at fiarft 
DelX 6 * WI figb 1 that our refults we the fame j but if it be obferved that he 
began at the temperature 16°^ and that J began at 0 9 i it 
will be feen that our refults are considerably different* I (bail 
explain this difference el few here, and fhew that the coeffi- 
cient* of dilatation vary according to the temperature of com* 
mencement 

Eay w i m ofhK Hidrogen gaa obtained from iron by week fulphuric acid 

drtgea r was fubroitfced to two experiments : in one, by an elevation of 

temperature from the degree of melting ice to that of boiling 
water, 1 00 parts became 137,49; and fo qpother by the 
fame elevation of temperature 100 parts became 137, €6, Tb* 
mean of thefe two refults is 137,52, which differs very Iktie 
from the mean refult of the dilatation of atmofpheric air* 


* My receiver contained about 350 grammes of water (a Unit 
more than 12 ounces) 

f Though the difference between thefe refults ire not very con- 
fiderable, I think T might have rendered them Ufs fo, if I could 
have kept an account of the ftate of the barometer at the moment of 
the ebullition of the water* I have, however, always had the pre- 
caution to be affured of its thermometrical ftate at the moment of 
ebullition, in which I can affert that I never found any very fenfi- 
ble variations. A variation of an inch of the barometer would in 
fa& be neceffary to occafion one, of a degree, in the place of the 
baling point j which can fel^Qtn happen* • However this may be, 
this refult 137, 30 muff he very near the truth. 

Oxigen 
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r Oxigen gas obtained fbotaaxigenated muriate of.poHtto was — oxigen, 
.dibted three tiroes, and gave the following refoits. ^ 

f % 

100 parts heeamh - - - 137,64s* 

■ ; ** ■ ■ ( 137*45. ,r ; ^ ^ • 

The mean refult of whieh is - - - 1 37 33 ,, 

Azote ga* obtained fronfc the deeotepofition of ammonia hy —tot* 

o&igeoated nteciaiic acidgave the foUowing mean refelts* 

{ 137j4fc 
137,56 
137,50 
137,46 
137,55 

The mean refuJt is - . - - 137,49 . 

By conne^ing the preceding refults, and by comparing the Tabulate* w- i 
dilatation of ottigen, hidrogen, and azote gates with that 
atmofpheric ah/ we obtain the following table ; > fame expanlion . 


From the temperature of 
melting ice to that of boil- 
ing water, 1 00 parts of 

Increale their 

volume to 

Differences 

Atmofpheric air 

Hidrogen gas - 

Oxigen gas 

Azote gas - 

Parts 
37,50 , 
37,52 . 
37,48 
,37,49 

■ 

- 0,01 ' 


The trifling difference* obferved an the preceding fcfplts 
may proceed from the impoffibili ty of rendering the ciitttm- 
ihmces rigoroufly the fame in each experiment ; and as they 
extend to only two ten thoufandth parts of the original volume, 
it may be concluded with fafety, that the dilatation of «tmo£- 
pheric air, oxigen, hidrogen, and azote ga&s ape the tone 
from the temperature of melting ice to that of boihng water* / 

In order to determine the dilatation of gafes fbiabte unreal- Apparatus for 
ter I changed the apparatus, I ufed twp tubes graduated tauhiti# 

the fame time on the fame bath of mercury with a very imall wwe compwod 
meafure. Every time I ufed this apparatus, I todk the pre- by exposure tp* 
caution that the quantity of mercury (hould be the famfc ds 
when the tubes were graduated. I nvuft even obferve, that if while e tm ofph f * 
any accident happen* to the veflel containing the merwy, the 
tubes rauft be again graduated on another bath* It wpobi 
4 even 
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« - even be proper to cut them out of the fame tube of gfafs«nd 

to make them of equal heights, fo as to render all the circus*- 
fiances as £mitur as poflible. 

The tubes with Into one of thefe tubes I-put atmofpheric air to the : 100th 
^ivifion, &r ©sample, and in the other the gas on which the 
heated in a experiment was to be made likewife up to the 100th dmfion. 

100 equal meafures of thefe gafes were thus fubmitted to .ex- 
periment. I then carried the apparatus into a ftove, the tem- 
perature of which I regulated at pleafure, and I obferved the 
courfe of the dilatation of the gafes. Whatever attention I 
paid to the obfervatiofi I never could perceive any difference, 
and I always temarked that the fame divifions were palled 
through in the fame time. 

The gafes were The gafes thus examined were never dire6t!y received in the 
dr^befww they tu ^ )es 5 ^ut they previoufly remained fome time in an interme- 
nts tried. 7 diate veflel into which I introduced fome deficcative body, 
muriate of lime for example, and I then palled them into the 
tubes, comprefling them with mercury, which I poured by 
means of a tube of fafety adapted to the intermediate veflfel. 
If thefe general precautions be neglected the dilatation will 
almofr always be too great; becaufe the, influence of undif- 
folved water will not be guarded again!!, or of fome other 
body capable of eafily taking the g^feous form. 

Carbonic acid - One hundred meafures of carbonic acid gas obtained from 
***> marble by means of.fulphuric acid, were compared with the 

like portion of atmofpheric air. From the 5th to the 90th 
degree (Reaumur) the expanffens were the fame, 
and muriatic One hundred meafures. of muriatic acid gas obtained by 
•cidgas; means of concentrated fulphuric acid firopn muriate of foda 

.(very dry) being compared with 100 meafures of atmofpheric 
air from the Sd to the 86th degree, the expanfions of the gafes 
were found to be abfolutely the fame. This experiment, as 
well as the preceding, were repeated feveral times, and the 
n fame refults were al ways obtained . 

And fufphureous . Sulphureous acid gas and nitrous gas undergo the fame d|- 
^^^^^•latation by the action of heat as atmofpheric air. 
tbefemc as at? Do&or Priellley, and Citizens Guyton and Duvernoi*, found 
friof{fheric air. that axiamoniacal gas dilated very conhderafely., With a view 
toafalid^rrf- lo difqover the caufe that coukl have induced them to draw 
'iioi* found am- this concluikm from their experiments, I introduced (without 
Sp^d more preparation) into one of my tubes ammonkcal gas, obtained 

from 
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from thedecompofition of muriate of ammonia by common than common 
lime, and in the other tube an equal volume of atmofpheric air# 
air. The ammoniacal gas dilated progreffively more than the 
atmofpheric air in proportion to the elevation of temperature ,* aTrmon j aca i kj t 
fb much fo that its volume was icon double that of the atmo£*were prefent. 
pheric air, but on observing the furface of the mercury, and 
the tides of the tube after the temperature was lowered, I 
•remarked fome traces of a liquid and fome cry ft alii ne fpecks, 
which could be nothing but muriate or carbonate of ammonia, 
and it all difappeared when the temperature was fufficiently 
elevated. I performed this experiment again by differing the 
ammoniacal gas to remain fome time in an intermediate veflel 
containing cauftic potafti, and then its dilatations from 0 to 95^ 

.exactly followed that of the atmofpheric air. In this experi- 
ment I obferved the furface of the mercury and the tides of 
the tubes when the temperature had returned to 0, but I could 
not perceive any indication of liquid, or any cryftalline fpeck. 

This experiment was repeated feveral times, and always with 
the fame event. 

Hence it maybe feen that not only a liquid, but another Water i* not 
body capable of taking the gafeous ftate, may render the 
periment liable to error. Thefe caufes ought therefore to be error, 
avoided with the moil fcrupulous attention. 

The experiments which I have juft related, and were ^IHenee 
made with great care, inconteftibly prove that atmofpheric air, SJ" gafes'do 6 not 
oxigen, hidrogen, azote, nitrous, ammoniacal, muriatic acid, affea their ex- 
fulphureous acid, and carbonic acid gafes expand equally by^ 111 ^ 011 ^ ^ cat * 
the fame degrees of heat ; and that, consequently, their greater 
or lefs denfity under the fame preflure, and at the fame tem- 
perature, their more or lefs confiderable folubility in water, 
and their particular nature, in no refpedt influence their dila- 
tation. 

I therefore conclude that gafes in general, provided they be 
all placed in the fame circumftances, dilate equally with equal 
degrees of heat. 

Thefe experiments on the dilatation of gafes naturally led Vapors, 
me to examine that of vapors ; but fufpe&ing from the preced- 
ing refults that they dilated like the gafes, I determined to 
make experiments on one vapor only, and I chofe in prefer- 
ence that of fulphuric ether, as being the moll eafy to manage. 

In 
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In order to determine the exparrfion of the yapor df ether 
in the Tube - in ^ employed the two tabes I hare already mentioned, atmo£- 
cowporiftm withpheric air being always the ftandard of companion. This ap- 
atmolpfc* air. p* ra tus having been kept feme time in a (love whole tempe- 
rature was about 60 °, I introduced ethereal vapor into one df 
the tubes, and into the other atmofpheric air, fo that they 
each correfponded to the lame divifion. I then elevated the 
They expanded temperature of the ftove from 60 9 to KX)°, and I had the fa- 
60 and 100? tisfedion to find, that whether the temperature was raffed or 
Reaumur, lowered, the ether and the atmofpheric air always icdrre- 
fponded at the fame time to the fame divisions. This experi- 
ment, at which Citizen Berthollet was prefent, was repeated 
feveral times, and I never could obfefve any difference m the 
When near its dilatation compared with that of atmofpheric air. I remarked, 
etbereal P Tapor he h° wever > that at fome degrees above the point of tbe ebulli- 
was condenfcd tion of ether, its condenfotions were a little more rapid than 
father more. thofe of atmofpheric air. This is owing to a phenomenon 
which a great number of bodies prefent in paffing from the 
liquid to the folid ft ate, but which does not prefent itfelf a 
few degrees above that of this period* 

The conclufion This Experiment* by proving that the vapor of ether and 
may therefore be , - 

extended tova- the gafes dilate equally, thews us that this property in no re- 
po” i fped depends on the peculiar nature of gafes and vapors, bat 

Only on their elaftic ftate, and we muft confequcatiy oonctude 
that all gafes and vapors dilate equally at the fame degrees of 
heat. 

The vapors will Since all the gafes are equally dilatable by heat and equally 
he more com- compreflible, (gas conden fable) and as thefe two properties 
their point of depend on one another, as I fhaii prove elfewhere, vapors 
denfe fluidity or being equally dilatable with the gafes, ought alfo to be equally 
hquefa&.on. CO m preffible : but I muft obferve that this latter conclufion 

cannot be true, unlefs while the compreffed vapors perfed&jr 
retain the elaftic ftate ; which requires that their temperature 
be fufficiently elevated to enable them to refill the preffure 
which tends to make them affume the liquid ftate. 

That dry and I have afierted on the authority of Satkffure, and my own 
^ke.~Qu! T experiments confirm it, that very dry air, and air holding 
^ more or lefs of water in folution are equally dilatable; con- 
sequently I am authorized from the whole of tbe fads to draw 
the following conclufkms. 

lft. All 


That dry and 
moift air dilate 
jilike.— Qu. i 
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All, the gaf*, whatever may be their denfity or the Conclufion*. 
quantity at water, they hold,in folution, and all vapors, equally g a x ^ nfion 
dilate by the fluae degrees of heat. 

2d, The augmentation of volume which each of the perma- Augmentation 
■ent gafes jjejMy.es, from the temperature of melting ice to°* V0 * u,BB * 
that of boiling water, is 'equal tp t$ \t t °f the primitive vo- 
lume v if judged by the thermometer divided into 180 parts, and 
*•£££* *©f the fame volume, if by the centigrade thermo- 
meter. 0 + t 

It remains, in order to compteffethis courfe of .experiments. Future expert- 
to determine the law of the dilatation of gafes and vapors, in 
order to afcertain the coefficient of dilatation for any degree at at other tempe- 
a knojm heat, ^uid to be adored of the real progrefs of the raturcs * 
thermometer. I (hall employ, my felf on thefe new refearehes ; 
and when they ire terminated, I * (hall have the honour of 
communicating them to the Institute. 


VII. 


New Theory of the Confiitution of mixed Gafes elucidated. In « 

Letter flwh Mr,'], Dalton. 

, . Jo.Mr. NICHOLSON. 

SIR*' Marichejier, Not. 18, 1802. 

In a paper of mine which you had the goodnefs to publrfh in New theory of 
your Journal for 1801 (Quarto Series, V. 241), I announced thexonftitution 
a new theory of the conftitujion of the atmofphere. This has fphere* 011 *" 
fince been publHhed on a more enlarged fcale, and elucidated 
by a plate. Sec. in the Memoirs of the Literary and Philofo- 
phical Society of Manchefter, Vol. V. Part 2. Notwithftand- 
ing this, I am informed by feme of my chemical friends, that 
they do not clearly underftand the hypothefis itfelf, and confe- not clearly un* 
quentiyare not able to judge of its merits or defe&s: And a derftood# 
late writer (Dr, Thomfon), in his Syftem of Chemiftry, Vol. 
in. Page 270, fpeaking of the uniform diffulion of the differ- 
ent gafes of the atmofphere, makes the following obfervation : 

Even Mr. Dalton’s ingenious fuppofition, that they neither 
#c attradt nor repel each other, would not account for this equal 
•* thflribution ; for, undoubtedly, on that fuppofition, they 

“ would 
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** would arrange themfelves according to their fpedfic £ra- 
Farther explana- f ‘ vity.” Now as I am perfuadedftiat no one acquainted with 
m ' P '* the principles of mechanical philofopliy would fakve- written 

the above if he had underflood my hyppthefis, nt feems to call 
*J te . 1 J de t. or * er from me a further explanation. I propofe,* therefore, \ft, Tn 
** c “ on * Hate in as clear a point of vjew as the fubjed will admit, the 
principles which I afliime ; 2d, To (bqw that the confequences 
.which 1 have deduced from them ara legitimate, and^iarticu- 
larly that mixed elaflic fluids ought not tp arrange therofelv** 
according to their fpecific* gravity : and, 3d, To demonflrate 
that the fuppofitiou of the gafes conftituting the afmofjAere 
being lield^ in' a Hate of equal dUTufion by chemical aftinky, is 
not .only inconfiflent - with the^phenomena, but is completely 
abfurd. * 4 .• 


» * . . • 

1. PRINCIPLES ASSUMED. ♦ 

*# 

Principle* af- 1.1 take for granted that the particles of Ample (unmixed) 
i^That p»ticles^ a ^ c ^ U1 ^ s re P e l one anbtjier with* fcrces inverfely as th6 
of Ample elaflic diftapce of. their^centres, the temperature being given. This 

fluids repel in- j s a mathematical dedudion from the allowed fed, that the 
▼erfely as their _ . . , _ » . ~ 

diftancc. fpafce occupied by any gas is u\yerfely as the compcefitng 

force : (See Newton's Principia, HI IL Prop. 23). The abfo- 
lute diftances of the centres of fuch^artiqles muft vary accord- 
ing to circumflances, and cannot eafify bvletermined i tbeir 
relative diftances in a liquid and aerial ftate fomejirijes. may. 
Mr. Watt has (hewn, that fleam of 212° and preflure 28 in- 
ches, is 1 800 times lighter than water ; confequently the dif- 
tances of the particles of fleam are to the diftances of the faid 
particles in a liquid ftate, as 1 2 to 1 nearly, in that particular 
cafe. Vapor in the vacuum of an air-pump, at common tem- 
perature, will have its particles about 4 times the diftance, or 


48 to 1 . 

2 . In mixed 2. I fuppofe that in mixed elaflic fluids the heterogeneous 
heterogeneous^ 6 P ar l*cles do not repel one another at all at fuch diftances a$ 
particles have no they repel thofe of their own kind; but that fuch particles, 
fiant^epulfion 6 " w ^ en brought into adual contad (to ufe the common lan- 
but only that of guage), refill each other in all refpeds like inelaftic bodies, 
contaft, formerly -phis is the peculiarity of the hypothefis, and what appears not 
t a nee of Unpene-to be generally under flood. If I may explain by analogy, the 
trability. mo ft ftriking will be found in magnetifm. Two like poles of 
the viable effefts' ra agnets repel one another with the fame force whether, any 
•f magnetilm. Other 
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: other bodies intervene or » not> and do not affe£t thofe >6thef 
.bodies; in the fame way I conceive two particles of any one 
gas repel one another with the, fame force whether particles of 
(Other gafes intervene or not, and do not affed thofe other par* 
tides. A magnet is amenable to the common laws of motion 
in its cdlifion with other bodies, and when it is brought into 
feeming contact with them; fo is a particle of one gas when 
tit is brought into feeming contact with a particle of another 
•fpecies : and in this cafe the bodies may be faid to have a re* 
pulfive power; but this power is eflentially different from the 
others, in that it extends to no definite difiance. Further, con* 

.ceive very fine capillary tube placed perpendicular to the 
horizon, into which let a number of correfpondent fmall mag- 
netic wires, or particles, be inferted with their poles of the 
fame denomination together, or more ftri&ly, as near as their 
repulfive power would admit, one particle above another, the 
air having intercourse amongft them. Then, as the magnetic 
particles would not a&ually touch one another, by reafon of 
their repulfion, they would fiem to be fupported by the inter* 
yening air, whereas in reality they are fupported and kept at 
certain difiances intirely by the repul (ion inherent in them- 
felves, and their own gravitation : and thus I conceive par- Particle* of gai 
tides of gas fupport thofe of their, own kind above them, ^hcr 
though, were they vifible, they might feem to reft upon others fion, in the fame 
immediately under them; and the. ground, or loWeft folid or“ annc ^ hetllcr 
liquid furface, by fupporting the loweft particle of each kind, Lothe^gaTblT 
has the weight of the whole to fuftain. Thefe obfervations. Patent or not. ' 
together with a view of the plate above alluded to, muft, I 
think, be fufficient to fatisfy any on$ what the hypothefis is. 

And it may be proper to acid, there is fomething much refem- 
bling polarity obfervablp’in the ultimate particles of bodies at 
the inftant of tranfition from the liquid to the folid ftate? wit* 
nefs the congelation of. Water. «. 


2. CONSEQUENCES, 


It is plain from* the.above account, that I conceive any one If a gas be one 

gas. to be conftituted of perhaps one part folid matter, and one?™} m ? tte . r an<l 
, _ , . .„. . ' a thoufand mere 

thoujhnd oT more parts vacuity or pore, it it may be fo called ;f P ace, no differ- 


and that into this vacqity we may throw as many other gates c " ce of cffc ^ 
as \ve pleafe, without materially difturbing the firfi, provided ^the/gares In™ 
we do hot abfolutely fill the vacuity with folid matter, meaning thar vacuity, 

by 
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by that exprefoon common liquids or fotids. Thus we might 
have had a dozen gafes in our atmofphere inilead of three or 
four, all in the fame compafs, and each retaining the fame 
An& one gas denfity it would have had alone. The heavier gas has no 
o^cr”°whate ve/ ' ra ore tendency to raife the lighter, than a quantity of foot has 
may be their in- to expel the air from its interfaces. If therefore Dr. Thom fon, 
^avitiaj PCC,fiC or an ^ °ther, can (hew how one fluid, which is not difplaced 
nor any way a&ed on by another, foould by its reaction caufe 
that other to move into a higher or lower ftation ; then the 
mathematical world will be obliged to reconfider their dodrine 
of fkiics. Till then I mull take the. negative of the propofi*- 
tion, and conclude, that eladic fluids of the greated and leaft 
Specific gravity imaginable, on the fuppofition I hold, will alike, 
lake the lowed and the higheft dations, regardlefs of each 
ether ; or in other words, they will arrange themfelves in the 
fame order as if thrown into a complete vacuum. The great 
difficulty refpe&ing the uniform diffufion of foe gafes being 
removed, I think on my hypothefis the other phenomena can 
require no explanation to any perfon converfant in pneumatics, 
and the chemical I williakc one indance : It may by afked. How does fulphuret 
finale gaT will ny 0 ^ P°^ a ^ 1 abftra€t oxigenous gas out of any mixture; lime 
be the fame as if water, carbolic acid gas, &e. See. ? The anfwer is obvious : 
it were dene. Exactly in the fame way as if the gas in queftion was the only 
* one in the veflel, and the operation going on hi a clofe vefleL 


3. It is contrary 
to /aft that gafes 
are held together 
by chem. affi- 
nity : 

For they mix 
uniformly, and 
remain fo j 


3. GASES HELD TOGETHER BY CHEMICAL 
- AFFINITY, ABSURD. 

On this head it willbbe proper to premife certain fa6ts : 

1. When two gafes of difieteril fpecific gravity, fuchas 
oxigenous and hidrogenous, are put into the fame veflel and 
agitated; . if they be fuffeaed to Rand fome time after, they 


dill continue uniformly mixed. * • 

they occupy the 2. They occupy the fame fpatfe before, and after mixture; 
lame fpace after ^at ^ one me afure of each put together occupy two meafures, 
mixture; foe temperature and pretfure remaining foe fame. Mr. Davy 
feems to think this principle is not dri&ly true in regard to a 
mixture of azotic and oxigenous gas > but the deviation from 
it, if any, is extremely fmall. 

and they expand, 3. The compound is fubjedt to the lame laws of rarefadtfoa 
Its, as before. aac | condeuktioo as the fimples. 


There 
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There are but three fuppcffitions we can make eflfentially Where gates 
different refpeding the mutual adion of heterogeneous par- 
ticles of gas: 1 ft, When two gafes are mixed their particles tker, (i.) repel, 
may reciprocally repel one another, juft as they ad on their own°^.(*-)h** c ^ 
kind in an unmixed ftate ^ 2 d, They may be neutral, or have ittn&l * 
neither attradion nor repulfion for each other: 3d, They may 
have a chemical affinity or attradion for each other. The ad- Thegafe* do not 
vocates for the chemical adhefion of.gafes will agree with tnejj^* 
in exploding the firft, becaufe where nothing but repulfion is have no *a»n 
manifeft, we can afcribe no effed to attraction : The fecond, ^ j^J^**** - 
which is the one I adopt, is obvioufiy inconfiftent with their and* 
hypothecs ; and as for the third, I can conceive no other ex- 
planation than the following : lft. Two or more heterogeneous >f the partfcfes 
particles may unite and become a new centre for the caloric thcy^coiieawf 
to adhere to; but in this cafe the gates are no longer two but gat, and not rear, 
one; and oxigenous and hidrogenous would become aqueous ^^keaffumed 
vapor : This therefore is not a cafe of two gafts being held 
together by chemical affinity. 2d, The two gafes may .fepa- Or if they at- 
raiely retain their caloric and ftill be held by chemical affinity ; 
that is, there may be an equilibrium between the powers of come nearer t»- 
attradion and repulfion ; but ibis ^evidently incop fi ft ent with 
the third law qf condenfation and rarefadion obferved in fuch or het abaft 
compounds. flated. 

I am, &c. 

J. DALTON. 


I thank, you for the notice you have taken of my Efiays, and 
particularly for the note fuhjoined to that on the Expanfion of 
Gafes. I have lately read a Paper to the Literary and Philofo- 
phical Society of this place, in which I have fhewn that the 
quantity of carbonic acid gas found in a given volume of at- 
mofpheric air, is not more than ttov part of the whole ; and 
that the faid gas is held in water, not by chemical affinity, but 
merely by the prefiure of the gas abftradedly confidered on 
the furface, forcing it into the pores of the water. 


VIII. A Method 
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VIII. 

A Method cfincreefing the Quantity of Light afforded by Candles, 
and to obviate the Necefity qf fluffing them* In a Letter from 
Mr. Ezekiel Walker. . . 

To Mr. NICHOLSON. 

SIR, 

Feeble light of HEN our apartments are illuminated with common 
frequently fauf- candles, which cannot be regularly attended with the (buffers, 
fed. they produce much fmoke, and their glimmering light fcarcelyt 

ferves the moil ordinary purpofes. My firft attempts to ira«- 
prove this fombre mode df illumination were made many years 
ago. Thofe however were not produdtive of any ufeful dif- 
covery, but fome experiments which I made in the year 1797 
afforded refults that rather exceeded ray expedtation. 

Method of re- Experience foon convinced me of the utility of the method 

cSesfo^Ulu* w k* c h I had difeovered) of ufing candles in fuch jtituations as 
ruinating apart- above deferibed, but in every attempt to' produce, the* fame 
ments. effedt upon my table, I was unfuccefsful, till the beginning of 

the prefent feafon. This was owing to an overfight, which 
might be deemed very unaccountable, did not the hiftory of 
inventions contain many inftances of the fame kind. 

Great effedts are frequently produced by caufes that are 
in general deemed trifles. And, if a trifling alteration be made 
in the method of ufing common tallow candles, they will be- 
come excellent fubftitutes for thofe of wax. 

If a candle be ' A common candle, weighing ^ of a pound, containing 14» 

inclined it gives fi n cr] e threads of fine cotton, placed fo as to form an angle of 
a fteady light, ° _ . , . . ... ..... . 

and requires no 30 degrees * with the perpendicular, and lighted, requires no 

tnuffing * fnuffing ; and w hat is much more valuable for fome purpofes, 

it gives a light that is nearly uniform in ftrength without the 

leaf! fmoke. Thefe effedts are thus produced ; 

becaufe the wick When a candle bums in an inclined pofition, moil part of 

the^^anTbe ^ ame r ^ es perpendicularly from the upper fide of the 

comes burned, 

* Candlefticks may be made to hold the candle at this angle, or 
they may be fo contrived as to hold the candle at any angle at plea- 
fure. I have candlefticks conftrudted on both principles. 

v. wick. 
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wick, and when viewed in a certain dired^pn; it appeal kr 
the form of an obtufe angled trianglte* And as the end of thdl 
wick projects beyond the flame at t}ie obtttfe ahgle, itmpets 
with the air, and is ! completely' burnt to allies; herice it is ' r * 

rendered incapable of acting as a condudpr tb chrry: off apy. 
partof the combuftibfe matter in the form of finokd. I By this 
fpontaneous mode of fnuffing, that part of the wick which it- 
afied upon by the flame, continues of the fan* length, and fhe 
flame itfelf very nearly of the fame fttength and magnitude *. ' 
i The advantages Which may be derived from candles that ^Thc light does 
require no fnuftiog and afford no fmofce, may be readily un^ not unduIsrt ** 
derftood ; bat thefe ' candles have another 1 property which 1 
ought not to be paffed over in lence. A candle fpufFed by 
an inftrument gives a very fluftaating light, which, in viewing! 
near objects, is highly injurious to the' eye ; and this is an in- 
Convenience which no fhade can remove. But when a cartdfe 
is (huffed fpontaneoufly, it gives a light fo perfectly fteady and 
fo uniformly bright, that the adjuftments of the eye remain at 
reft, and diftinft vifion is performed without pain, and without 
uneaflnefs. 

• Candles on which I have made experiments, areidefcribed Canute which . 

in the fojlewing : ' ' ' . «?■£££! ' 

• ' TAB It , 


rr-r? r, ■■*■*■0 

/No. 

\ ; ” J J 

No. of can- 
dles to the 
pound avoir- 
dupois 
weight. 

Length in 
inches. 

No. of Angle 
threads of 
fine cotton in 
the wick. 

1 

14 

S.5 

10 

2 

• 1 2 

9. 

12 

3 

1.0- 

9.7 5 

14 

4 

8 

10: 

20 

5 ; 


10.25 

24 

Mould 

6 * 

13. 



Numbers 1, 2, and 3. Thefe candles, when lighted and 
placed to form an angle of 30° with the perpendicular, r£<jflM*£ 

* The wick’s riot being uniformly twifted throughout,’ may occa- 
sion a littfe variation in the dimfenlions of the flame. 

* Vol* III,— December, 1802. T 


Digitized by Google 




574*: MITHOD* or WCREjHIWO THE UCHt OF CAKDXtt. 

no (huffing; they give lights which are nearly equal, and com- 
bnftion proceeds fa regularly, that no part of the melted tallow 
efcapes unconfumed, except from accidental caufes. 

* c atr k* 0,1 *** No. ♦, placed at the angle mentioned above, and lighted, 
phenomena. requires no fnuffing : it gives a light very little ftronger than 
No. ), but its colour is not quite fo white, nor its flame fa 
fteady. ' ' . v • 

Nb. 5. This; candle, placed at an angle of 50°, and lighted, 
requites no fnnfimg ; its flame is rather fluctuating, and not fo 
white as No. r4y nor is its ftrbngth of light much greater than 
No. 1. The tneked tallow fomotimes overflows when the aif 
Ml the room is put in motion ; yet the light of this candle is 
muqh improved by the candle’s, being placed in an inclined 
portion. :.t* 

. The mould candle* treated in! the fame manner as thofe 
above, affords a very pure Heady flame, without fmoke and 
without fnuffing, ,aqd its lirength of light is about equal to that 
of No. 1, v v . 

1 : : : *6N ECONOMY. 

The eeaaomy 6f ; ftfy : experiments bdvenot been fufficiently numerous to da- 
candles a*to * termine with precifion which of thefe candles affords the mod 

iu^tonoftht light at a g iven expence, but the few experiments which I 
fuel. have made feem to indicate, that the quantity of light is di- 

rectly as the quantity of combuftible matter expended. 

EZ. WALKER. 

Lynn, Nov . 19, 1802. 


REMARKS.— W. ; N. 

On candles in On candles in generhl fee an effay by W. N. in the Philof. 
general. Journal, quarto, I. 67 ; alfo my Firft Principles of Chemiftry, 

Art. Wax : Hermltadt on the different materials, wax, tallow, 
fpermaceti; Philof. Journ. quarto, V. 187. — I have always 
fufpeCtcd from the general fads, that the light of fmall candles 
is cheaper than that of larger, and have little doubt of the truth 
with regard to fuch as exceed the diameter of three quarters of 
Outline of very inch in tallow. We are much in want of a feries of ex- 

Jefirable experi-p er j men t3 on the different descriptions of candles, under the 
snents concern* 

iPItbem. ' general 
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general titles of Wax, Spermaceti, Tallow, and mixed ; and 
tabulated, to (hew, 1 . Average weight of the wick ; 2. Num- 
ber of threads ; 3. Weight of the whole candle $ 4. Diameter ; 

5. Length ; 6. Time of combuftion per inch ; 7 . Ditto per 
ounce ; 8. Quantity or intensity of light when newly fnuffed ; 

9. Ditto after burning half a minute, or till the ufual period of* 
fnuffing ; 10. Average intenfity ; II. Expence of material per 
hour to produce the quantity 1.00 of light; 12. Ditto in the 
money price of the article; 13. Station of the barometer; 14. 

Ditto of the thermometer; 15. And ditto of the eudiometer. 

I am absolutely unacquainted with any good Standard of com- Standard of th# ^ 
parifon of light. The fun perpetually varies with the weather, ^nj^vrn, * 
its altitude. 8tc. It feems probable that an earthen lamp, 
having a wick of known texture and weight, cut to a deter- 
minate elevation by a gage, and charged with very pure olive 
oil, might, at like Stations of the barometer and thermometer, 
give light fo nearly equal, for the firft two or three hours, as to 
afford refults considerably exa& ; of which the means of feveral 
repetitions would be of great pra&ical utility. The compari- Method of coma 
fon of lights by the Shadows has been often mentioned ; but the ^^adows! *** 
Simplicity and value of the method (not yet univerfally known) 
will justify a Short repetition. When the Shadows of the fame 
obje6t fall upon each other, not precifely, the bordering Shades 
will be feverally illuminated by one light only : move the 
lights till theffe bodies appear equally dark at the point or place 
where they-meet in an angle. Then meafure the distances 
of the lights from that point or place; and the intensities are 
inverfely as the fquares of thofe distances. It is to be noticed 
that the obstacle which forms the (hadow, a book for example, 
muft be held fo that the ray from each light may fell on the 
wall nearly in the fame angle ; and this will always be the cafe 
if the farther light be nearly behind the other. 

In a fubfequent letter, Mr. Walker informs me, that he care- 
fully meafured his intensities by the method of fhadows, as 
mentioned in PrieStley's Optics. I conclude this to have been 
themethod here deferibed ; though, for want of a good index, 

J can only Sind the method of Bouguer in that work. 


T 2 


IX. Defcriptiefr 
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DESCRIPTION OF A SECRET LOCK 


IX. 


Dcfirbption of a new Secret Lock. By J. B. Berard* 


(Concluded from Page 222.) f 

Conftru&ton of I MAY alfo in this place ftate the reafon why I have made 
ceflible cmly to~ key as we ^ as *ke ^ err ^ s with 24? rather than 25 divifions. 
the' jtojwietor. In the firft place, it affords a fmall diminution in the dimenfions 
; - of the lock. Another more effential advantage is, that in the 

divifton of 24, each notch in the ferril is oppofed to another 
diametrically oppofite, which facilitates the introdu&ion and 
Jtaking out of the bolt. We may obferve, that for the fame 
reafon the teeth of the ferrils, being rather rounded at the 
4 tip, facilitate the entry of the little wedge, which is likewife 
rounded underneath, » • 

. . - The lpck being thus coniftru&ed, it only remains to fix it to 

* the door. For this purpofe, an opening is contrived of the lize 

# of the box of the lock, in the horizontal crofs, piece, without 

putting the vertical frame of the door ; and round it a groove 
is made, of 2 in depth and 6 in breadth, on which, the face of 
the lock refts: Jthe lock is placed in this opening without the 
.bolt;. and if it is defired, four nails or fcrews may be driven 
into the wood through four holes made in the face pf the plate; 
,but this is not neceffary. The bolt is then placed on the other 
iide of the door,, and if the wood be too thick, it may be cut 
away. till the boit Aides fair and eafily over the wood. This 
is very eafy to be done, and thentlje face of the bolt ought to 
lie fluth with the edge of the door. 

It is obvious that the height of the ferrils muft be propor- 
tioned to the thicknefs of the door. If the door be 30 m. 
thick, for example, the ferrils (which ought to be 1 under the 
furface of the lock) would be about 29% 

_ I mull alfp obferve, that in order to render the motion of the 
'(crew-heads more eafy and uniform, a pafteboard of 1 in thick- 
nefs, with five holes punched in it, muft be laid upon the inner 
furface of the plate of the lock ; and above the pafteboard, 
another Dip of very thin brafs, likewife perforated with five 
holes ; then the interior flat wheels have a very eafy motion 
3 over 
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•ver the brafs which reds on an eladic plane, which yields toConftr»aion of 
the unavoidable irregularities of execution in a work of a mo-^^* ^ 
derate price. the proprietor. 

It mud likewife be obferved, that the heads of the (crews, 
as well as the face itfelfof tlr£ lock, ought to be cafe hardened, 
in order to proted it from external injuries, and to prevent the 
enlargement of the holes which receive the fcrews. The fur- 
face ought to be highly polithed, and the heads of the fcrews 
fliould be blue. 

( Advantages qf the. new Zock+ 

1 ft. As in Reignier’s lock, which likewife has fer^w-head^ 
ferrils ? ajnd teeth without wedges, thefe pieces cannot be put 
.at di dances extremely precife, it neceflarily follows that onp 
of the pins or teeth, the fourth for example, will always meet 
jts ferril before the others meet theirs. Let us fuppofe that 
with a turnferew we endeavour to turn rthe. fore w-head whiqji 
moyes the bolt, whild with another hand and turnferew we 
fucceflively turn the other ferew-heads, they will all turn 
freely, except a fourth, which will be immoveable; It will be 
concluded that the fourth ferew-head is not in the petition tp 
open the door, that is to fay, that the deep cut of the fecril fs 
not oppofite the pin of the bolt ; that figure or letter of thp 
rfcrew-head will be noticed among thofe which do not form the 
fecret. The poiition of the ferew-head mud therefore bp 
changed, and the above procefs repeated till the pin is felt to 
fall into the notch. The fame experiment mud then be made 
with that ferew-head among the remaining ferrils which alone 
is now prefled by its pin. And after eighty attempts at mod, 
if there be eight ferew-heads, each having eleven figures, we 
jhali know the eight figures which compofe the fecret. 

Here then is a regular and infallible procefs to difeover in 
Iefs than an hour the combinations with which the lock is 
clofed. This defeat, which is common to the generality of 
compounded locks, does not exid in mine. 

When my bolt is moved, ihe wedges which precede the 
teeth enter at the fame time into the cuts of 'the ferrils, which 
are of fuch a height that they graze the interior furface of the 
lock : all the four ferrils then become immoveable, and it is im- 
poflible to difeover which is the ferril that is fird met by the 
correfpondent toothy becabfe their fixation is produced at the 

fame 
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Conftraaion of fame time from the teeth and the wedges. No external exa>- 
ceflSIc only m * nat * on °* n therefore (hew the difference in fituation of the 
the proprietor, four ferrils. It is obvious that in order to infure this effect, the 
wedges ought to fit the cuts between the teeth in the ferrils ex- # 
aCUy ; which is very eafily obtained in the conftruCtion. An- 
other advantage refulting from the wedge is, that if any of the 
deep notches or openings be not exactly in a line with the reft, 
the wedge eafily adjufts it, and the bolt is not in the leaf! im- 
peded on that account ; this advantage renders it unneceflary 
that the workmanfhip of the lock (hould be exquifite, a condi- 
tion which, in a work of a moderate price like the prefent, 
would render it ufelefs. 

2d, My lock is eafily opened, it having only four ferevr- 
heads : it has nevertheiefs 331 ,77 6* combinations, a number 
fully fufficient to fet the molt fufpicious mifer at eafe. 

We may add, that it is much eafier to recoiled one word than 
a number, which mult be the cafe in Reignier’s lock. 

3d, When characters are engraven externally on the ferew- 
heads, they are either difficult to be perceived, or may be eafily 
damaged. A key with characters engraved on it, is I think a 
great improvement : a faving is likewife afforded, which is a 
consideration of fome confequence in a machine of common 
ufe. 

4th, The method by which I vary the pofition of each ferril 
with refpeCt to its ferew-head, is at once Ample and folid. 

Bth, The mechanifm by which the bolt is attached to the 
lock, is concealed, and cannot be damaged. As nothing is 
feen of the lockout a fmooth plate on either fide, it would be 
very proper for 1 bureau or ’ferutoire. 

Another lingular property refulting from this mechanifm is, 
tfcat it can only be taken to pieces by the proprietor, whether 
the door be open or fhut : it could not even be done by a per- 
fon (hut in the apartment. 

6th, The lock may eafily be fet : as the interior ferew- 
heads do not turn on wood, there is no danger that their mo- 
tion (hould become lefs regular or eafy on account of w'ear. 
The fame may be obferved of the bolt, which Hides in a 
groove of iron. 


* This is the fourth power of 24, 


7th , 
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^ih, The lock is very folid; for there. is no opening into Conftruaion of 
which any tool might bfc introduced; The thee of the door 3 l°®k 
may likewifebe furrounded with a ftrong metallic covering ldt thepro^etojT 
into the wood, and the back part of the door may be covered 
with iron plates, the only method of preventing any one from 
cutting the wood round the lock. 

8 th, If it fhould be thought inconvenient to place the lock in 
the thicknefs of the door it may be eafily avoided. The ftems 
of the ferew-heads need only be made longer, and . another* 
plate fimilar to that of the face, added : the (crews in that 
cafe, after having palled through the face as well as the door, 
would pafs into the lock. This addition requires an ihcreafe 
of work, but it affords no real advantage. 

Lock for a Bureau or Secretary. 

Though my lock, as I have deferibed it, can be eafily fixed 
-to a fecretary, yet I think it ufeful to indicate the changes con- 
venient to be made in it. 

\ft, The height of the ferrils mull be diminifhed, that the 
bolt may be intirely funk in the flap of the fecretary. 

2d, In order to diminifh the length and breadth of the lock, 
ten diviflons in the ferrils maybe made inftead of eighty : they 
need then be only 25 in diameter; but then the fecret will 
confift in a number of four figures inftead of a word of four let- 
ters, which is net fo convenient, as I have already obferved. 

3d, The box of the lock may be fuppreffed, and the lock wiU 
ftill have folidity fufficient for a bureau ; the price will: likewife 
be diminifhed. 

4th, Inftead of engraving chara6ters on the face of the lock, 

I prefer, as has been feen, to mark them on the tumfcnew itfelf; 
but the external damage is not to be feared in a fecretary as in 
a door. It is therefore more convenient that the figures #r 
; letters fhould be on the faee itfelf of the ferew, and a knob or 
fmall handle may be contrived on the face of the ferews, in 
order to turn them. In this cafe ho key or tumferew need be 
carried about; this is an advantage of feme confequence. 

Concerning fome other Kinds of Compound Locks . 

It is poflible, as I have already obferved, to apply the prin- 
ciples of thefe combinations to the conftru&ion of locks in a 

number 
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Cpnftnrftlon of number of methods. That which I have (fefciibed is tfyfr tMt 
c ffibteorf k » " re ^ t m y endeavours pn this obje<3; k feonft to me to be 

th$ proprietor, the fyftem that beft an fwers all the conditions of the problem* 
I think* however, thpt it wHl not be ufelefs to make known* 
fome more, if it were only to prevent others from making uw- 
neceflary attempts on the fame fabjeft. 1 j 

. ift. The front part of the lode prefents 25 (mall re&angles* 
10 wide by 1 difpofed in a right line, and forming in all ^SiCt 
The 24 letters of the alphabet arfe; marked oh thfefie re&anglesx 
they are included between the two partitions of the horizontal 
channel or groove, and they all touch one another. They itoa y 
be pulled outwards to the d ift ance of 4 millemetres. He the 
flops of an organ. Each of thefe flops has a little fpiing at 
top, which gives it an eafy and fmooth motion, and prevents 
it from dragging with it any of its neighbours; Each flop, ia 
the Inftde of the lock, has a iproje&ioh in the form of a tooth. 

The bolt has, on its fapelrior and horizontal face, 24 dove? 
tailed grooves with dovetails, each of which receives a regiAer 
*>r flop of the fame form, having a tooth at top. Thefe flops 
of the bolt may be put into their grooves with the extremity 
hhvmg the tooth, or the other end, juft at pleafure. The bolt 
is bnclpfed in, a box, the vifible and interior face of which 
moves in a groove, in prder to take out and replace the bolt at 
pteafcre. ? 

The lock is thils ufed. If , it is to be opened, the exterior 
’flops forming the fecret are brought forward, then the 23th flop 
fs drawn, and this renders the reft of the flops immoveable. 
After having returned it, it is turned by means of a knob or 
handle which it carries, and the holt is thus made to move. 

When the fecret is to be changed, the interior regifters afe 
to be placed in the grooves cut in the bolt, by the extremity 
which has rio todth. They are then inverted with refpedl to 
4he others, and their teeth become in aline with thefe of the 
exterior flops. 

The number of combinations in this lock is equal to the 
eightieth ppwer of 2, nearly 17 million : It is cofrvenientfor a 
bureau, but the work man (hip mufl be exquifite: Befides, it 
is not convenient for a door, tecaufe flops which projeift feveral 
-millimetres may be eafily damaged. J cannot here enlarge 
upon the other imperfe&ions which it prefents. In this fyft^eai 
1 the 
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Ihc 2.4':fmaU fcrew^ieads might be fuhfti lifted for the ffops, Confini&ipn<*f 
which wouidnotthefc require ferrils, Thisar/angetnent 
fiotbeypj^ferabie^othe'ofcher. tbepmpritfaf*; 

2d, Let us imagine. three rings lodged one within the other, 
forming one and the fame pfcane with ^fourth fixed to the 
door, and an immoveable circle in the centre ; fuch is thelfoae 
*>f the lock* The three intermediate rings' turn fteely and fe- 
parately by means of a button, which mufi be made to corre- 
spond with one of the letters of the alphabet marked on the 
outer' circle fixed to the door. Each carries interiorly a ferril 
capable of 24 pofitions. When the notches of the three ferrils 
are jdifpofed in ftraight lines, the bolt is made to move by means 
pf;a! knob or handle in theJniddle of the face. 

This lock* refemblefe in fome refpe&s the firft I have de- 
fcribed. In. this the ferrils are concentric, and in ihfe others 
they are Separate. It has an agreeable form, and would the 
proper for a fecretary, and its execution does not require bandi 
precifion. It is not very convenient for a door, becaufe it is 
likely to be damaged. 

3d, Let lis imagine five fere w-heads on the facd; let $ach 
of thefe ferews carry, a fmall pinion within, which moves a 
notched bar or rack. This rack tnuft have ten teeth, one of 
.which is withdrawn, in order to leaves, clear way or fpace. 

The fifth ferew muft move a fifth rule carrying fotir teeth, and 
at right angles, to . the other four. It is clear that this laft rule, 
which I fuppofe to be the bolt, can never move except when 
the other four rules afe in a convenient pofition. In this me- 
thod the lock will be enormoufly large ; and it will alfo be very 
difficult to prevent this fecret from being difcovere<J fooip 
without. 

4th, If toothed wheels, with an unequal number of teeth 
all taking in one another, be fubftituted for the flat wheels 
which are under the ferrils in the fyilem of locks .with ferew- 
heads, then, if one ferew-head be moved, it will derange all 
the ferrils at once. This faves time, without dim inifliing the 
number of combinations. This advantage led me to approve 
of the conftrii&ion for fome time; but it is prada&ive of fo 
many ferious inconveniences, that I was obliged to aban- 
don it. « 

* I have feen fome at Paris, nearly fimilar to this. 

It 
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fetaftni&toii of It would ‘be fuperfluous to examine a greater number of 
ceffible otdyto~ fyliems. I (ball conclude by one general observation, 
the proprietor. All the compound locks that can pofiibly be made, may be 
divided into three fpecies. In the firff, ftraight or curve lines 
are made to move ; in the fecond, plain or curved furfaces; 
in the third, folids. , It is obvious that one folid offers as many 
arrangements or combinations as three lines together, and one 
furface as many as two lines. 

Thefe lines, furfaces, and folids, form interior flops made 
to receive motions (externally produced) in a ilraight or in a 
curve line. 

It is obvious from the application of thefe principles, an 
almoft infinite variety of locks may be conffru&ed. I dial] not 
undertake to extend the variations, but fhall only lay, that I 
think I am convinced that the belt fy ftem is that of moving 
the circumferences of circles internally by circular motions 
produced from without, 

CONCLUSION. 

I am fenfible that what I have faid concerning the locks, 
which. I conffder as lefs perfect, is not fufficient to dired their 
conffrudion ; but I have faid enough to make their fyffem 
known to artiffs, and to deter them from fruitlefs experiments. 
It muff not be forgotten, that in this kind of machine nothing 
good or ufeful (hall be done, unlefs (implicity, convenience, 
folidity, economy, and facility of execution, be combined. 

It is under thefe feveral points of view that the problem of 
compound locks, which may be worthy of the attention of 
artiffs, ought to be confidered. I do not pretend to have dis- 
covered the beff, but I dare affert, that the lock which I have 
deferibed approaches fo near to perfection, as to entitle it to 
the fuperiority over the common locks which are more or lets 
ingenious and complicated, and even to place it among the 
locks of combination, as one of the moff fimple that has yet 
appeared, or that I know of. 

Whether I (hall be allowed the fmall honour of having in- 
vented this arrangement, or the merit only of having brought 
it to perfection, is not to me a .matter of confequence. I fliall 
be fatisfied if I have aflifted others in improving this fpecies of 
machines, the utility of which need not be proved. In fad, 

the common locks which are brought to the greateft perfec- 
tion. 
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lion, were rendered as fure and inviolable, as they are at 
prefent the contrary, they would flill have this inconvenience: 
they are liable to be forced by introducing fome tool or inflru- 
inent ; and even if die violator (hould fail in his attempt, the 
proprietor will neverthelefs be reduced to the neceffity of 
breaking open his own door if the iniide of the lock fhould be 
ever fo little deranged. The advantage then of a lock which 
affords no entrance to a key is obvious, a problem which I 
think cannot be well folved, except by a circular motion. 

ThsCt which I have defcribed, not only anfwers all the condi- 
tions of the theory, but has flood the tefl of experience. The 
greateft obftacle to the propagation of locks of combination, 
proceeds from the prejudices of habit, flill more than from 
their want of fimplicity : and it is well known that this is the 
fete of all truths *. 


X. 

Dcftription of Dr. Young’s Apparatus for exhibiting the Co - 
lours of thin Plates , by means of the Solar Microjcope. From 
the Journals of the Royal Injlitution, I. 241. 

The colours of thin plates were obferved by Boyle and The colours of 
Hooke, and more accurately analyfed by Newton : but little 
or nothing was added to the account that Newton gave of mined, and ne- 
them, until fome attempts were lately made to explain them, ycrpubliclfcx- 

i . i •« » i /• . i J i . . i hibited. 

and to build at the fame time on the explanation, the principal 
arguments in favour of a new fyflem of light and colours. The 
phenomena themfelves were very little known, except from 
Newton’s description ; it had happened but to few to obferve 
them : and they had never been made confpicuous to a public 
pudience in a form equally beautiful and interefling. 

It appeared, however, that there would be little difficulty New attempt tm 
in applying the apparatus for reprefenting opaque objects in thc folar microf 
the folar microfcope, to the exhibition of thefe colours on a copc , 
large fcale; but feveral precautions were neceflTary, in order 
to obtain the moil advantageous reprefentation ; and, thefe 
precautions having been completely fuccefsful, it may be of 
fome utility to give a detached account of them. 

* In the former Paper for Requier read Reignier, and in the 
note on p. 217, for Braviali read Bramah. 

The 
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Methods of pro- The colours of thin fubft^qces muft often h^vejheeo fee** in 

diu:mg e co- j )U | ) j ) j es c f waler or 0 f other fluids, and in the film produced 
x by a drop of oil fpreading on water ; they were more particu-r 
JarJy obferved in the pjafos of talc, or of felefote, into which 
thofe fubflances readily divide. Sir Ifaac Nekton made *hif 
experiments principally on the colours of foap bubbles, afldxTO 
Mr. Jordan’s thofe which , are produced by the contact of two lenfes. F.or 
t^doT exhibit- fofpeding the colours of foapy water, the moft convenient 
ing the foapy method h that of Mr. Jordan. He dips a wine glafs into a. 

^‘ ra ’ weak folutioq of (oap, and then holds it in a horizontal peti- 

tion againft an upright fubflance, for example, a window 
fhutter. ; the film covering the glafs being in a vertical posi- 
tion, the gravity of the fluid tends to make it thicker at th? 
lower part, and it becqmes every where gradually thinner and 
thinner, till at length it burfts at the uppermoft point. The 
colours aflume, in this cafe, the form of horizontal flripes, 
Similar to the rings which are to be more particularly de- 
scribed. 

The colours Jt has been obferved by Newton, that the colours thus re- 
pute are more from a plate of a denfer medium, are more vivid than 

vivid than thofe when a plate of a rarer medium is interpofed between ,two 
Seciufe^hHat * ^enfer mediums.* But the caufe of this apparent difference^ 
ter are dilotod% probably,- the quantity of foreign light that is generally prefer t 
the m *h e e hpcrhnent, reflected as well from the upper furfaoe .of 
eonfinittg w fopecior medium asfoom the low.er. furface of the inferior, 
4*um*. both tbefe furfaqes being often ineacly parallel to the fu,nfaces 

in coqtad. It becomes therefore defirable to remove this for 
Remedy. reign light : this may be done effectually, by employing one 
glafs in tl>e form of* a prifm, ,and gating die lower furface of 
tl>e other with black fealing wax : the light refteded by the 
oblique furface of the firft, is thus thrown into another .direct 
. tion ; and the refledfon oT the; inferior furface of the fecond, u 
either deflroyed or re;\dered imperceptible. And, with tiiefe 
precautions, the rings of colours produced in the refleded 
light, may be rendered a very beautif ul ojbjed by means of the 
folarmicrofcope. 

The plane glafs The moft perfectly plane glaffes are thofe which are ufed for 
tk^nd the 00 *” quadrants ; one of thefe may be ground .in the di« 

lower furface of redion of the.diagonal of its tranfverfe fe&ion, foas to make a 
nS CoaCcd thin wedge or prifm ; and the furface of -the Jens .employed 
jnuft be a portion of a fphere of from Eve to ten feet ^radius, 
* : The 
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two glafles muft be retained In theit pofitiori by mjbiftstff 
three fcrews ; for, is foon as the pfeflure is removed, they 
repel each other with coftfidlerable force ; and, for this reafon, 
tieithef of them bught to be very thin, other wife they will 
bend before they are fuffieiently near. 1 / 

Pot adjuftirig the glaffes to the microfcope, it is convenient This apparatu* 
to fi* them in a cylinder of fufficient fizeto project beyond the ma y bc fix ? a m 
glares and their fcrews, in order that they may be readily crofcope.” 11 * 
turned fo as to refledt the light coming from the fpeculanf into 
the djre&ion of the axis of the microfcope : it is obvioas that, 

.in this cafe, they mud be fomewhat inclined to the light, fo 
that the focus of the whole image will never be equally per- 
fect ; and, itiftead of being circular, like theVings therpfelves, 
their images on the fcreen will be oval. In this manner, eight The effect 
or ten alternations of colours may eafily be obferved ; but their 
oyder and fequence is too complicated to be eafily underftood : 
for they are really compOfed of an infinite number of feries of 
rings pf different magnitude, each feries being formed by each 
of the gradations of light in the prifmatic fpe6trum, which, 
near the centre, are fufficiently feparate to form diftinft ap- 
pearances, either alone or in combination ; but, after eight or 
. ten ajteriiations, are loft in the common effe6t of white light. 

For, when the glaffes are illuminated by homogeneous light 
only, feparated from the reft by the refradiion of a prifm. Or * ; 

btherwife, the rings of 'each colour occupy, together with the 
dark fpaces, the whole vifible furface, thieir number being 
Ohly limited by the power of the eye in perceiving obje&s fo 
minute as the external ones become, in confequence of the 
rapid increafe of the thicknefs of the plate of air near the edges 
of the curved furface. This jcircumftance being once under- and ftin more 
flood, it is alfo capable of being illuftrated in a manner (till b y a 

. more elegant by^ptacinga prrfm a few feet 'from the iwicroV- 
cope, leaving only a narrow tfne of its-furface expofed to the 
incident rays, and then throwing the rings of colours on it, in 
fuch a direction that this line &&11 paft through their .centre. „ 

Carc'being taken to textlticfe fVom the prifmatic fpeftrtim thus 
formed all extraneous light, it. exhibits a moft interefting ana- 
lytic of thefe' colours ; for the lihe confi fts of portions of the Tnterefting ef- 
rihgspfall pofBble gradations of colOuV, each forming-a broken te< ^* 
linfe, but not of the fame 'dimen Sons; and, by the prifrtiatic 
; refra6fion, all tfrefe broken* lines are feparated and placed pd- 
‘ rallel 
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Colours by 
tranfmifiion are 
not fo advanta* 
geouily lhewn. 


Nickel is mag* 
setic. 


MAGNETIC PROPERTY OF ftlpKKL* 

rallel to each other, on account of the different refrangibilltf 
of the light of which they confift. Thus the broken line 
the extreme red, which confifts of the longeil portions, is leaft 
refracted : the other reds follow, and are placed in conta& 
with the firft, and with each other, but on account of the 
different magnitude of the portions, fomewbafc obliquely. The 
dark fpaces alfo are in contact, and form a reparation between 
each portion of light. In the fame manner, the green follows 
the red, with little or no vifible yellow. The blue and violet 
are fomewhat mixed : for thefe two colours are much lefs 
widely feparated by thin plates than by the prifm : for this rea- 
fon, each portion of light formed by the contiguous lines of 
the different colours is bounded not by ftraight but by curved 
lines. 

It is evident that, by drawing a line acrofs this compound 
fpedtrum at any part, we may learn the component parts of 
the light conflicting the rings at that part ; for the prifm only 
fpreads the colours in . a direction tranfverfe to this fpe&rum : 
and it may be obferved, that after the eighth or tenth alterna- 
tion, the light tranfmitted at each point is fo mixed, that we 
may eafily underfland how it appears white. 

The colours of thin plates, as feen by tranfmiffion, are alfo 
eafily exhibited in the folar microfcope j but, fince it is ut- 
terly impofiible to exclude the very great proportion of the 
light which is not concerned in their formation, they never 
appear fo brilliant as the colours feen by refle&ion. 

Yf 


XI. 

ExtraB of a Letter from R. Chenevix, Efq. on tte Magnetic 
Property qf Nickel . 

I AM afraid that I was too hafty in denying the magnetic 
property of nickel. The fadt is, I had obtained both it and 
cobalt }n that fiate. But in profecuting a feries of experi- 
ments upon thefe metals, I perceived the real caufe why fe- 
veral fragments which I had obtained did not exert any in- 
fluence upon the magnet. I took a piece of nickel which was 
not attradable, and which exhaled arfenical vapours when 
4 heated 
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Heated by the blow pipe, and diflolved it in nitric acid. I Examination of 
boiled the folution until the whole of the metal was converted 
into 'arfeniate of nickel ; I then dropped in a fufficient quan- tion in nitric 
’ tity of nitrate of lead, and evaporated the liquor at a very ^nitrate*©? IcaA** 
gentle heat, but not quite to dry nefs. Alcohol poured into added ; cvapor. 
this folution precipitated every fait but the nitrate of nickel,^*rly 
which had been formed by the double decompofition of the 
arfeniate of nickel and the nitrate of lead. This isr the me- diflolved nitrate 
thod which I ufed in the analyfis of the arfeniated copper ores nic ^ cl on,y * 
of Cornwall ; and the proportion of arfenic acid, contained in 
arfeniate of lead, was the ftandard to which I referred thofe 
ores to afcertain their relative proportions. Thefe experi- 
ments were publiihed in the Philofophical TranfaCtions for 
1801 . 

• After the preceding operations, I evaporated the alcohol of evap. ©f the al- 

the folution of nitrate of nickel, rediflolved the metallic (alt in 5 oho1 J folutioa 

m water ; pre- 

water, and decomposed it by potato. The oxide, well watoed cip. by potato; 
and dried, was reduced in a Jiefiian crucible, lined with lamp 
black; and in that Hate it mslnifefted ftrong magnetic proper- jirong/y magnetic. 
ties. None of the procefles of the reagents I had ufed could Arfenic b « n s 
have communicated iron to the nickel. I tlien allayed this themagnedc^ 
feme nickel with a fmall proportion of arfenic in a fimilar cru- property, 
cible, and found that it had loft its magnetic property. A fmall A little in>n did ' 
portion of iron added to the mafs did not render it attractable, not revive it. 
From thefe experiments, often repeated, I believe that arfenic 
has the power of concealing the magnetic property of nickel. 

Cobalt appears to be in the fame cafe. I was therefore mif- 
teken when I announced, that thofe metals were not in them- 
felves magnetic. 


XII On 


Digitized by v^.ooQle 



NATIVE SULPHATE Of MA 01 t£$*&« 


m 



XI*. 

On the unexpected Production of Sulphate qf Magnefia* Bp 
J. Bostock, M. A 



SI R, 


To Mr. NICHOLSON. ! ‘ 

Liverpool , JVbu. 18, 1802.. 


I FEEL fomewhat doubtful whether the fubjed of the fol- 
lowing communication may appear to you fufficiently interfil- 
ing, or the experiments detailed with a fufficient degree of ac- 
curacy, to entitle it to a place in your Journal. I have how^ 
ever fent it for your infpedion ; if you think it of any value, 
it is completely at your fervice. 

I remain. 


your’^ &c. 

JOHN BOSTOCK. 


Copious faline ABOUT two years ago, a houfe was ereded in the neigh - 
SfcYimeHfcr^ bourhood this town by Tho. Earle, Efq. upon his eftate of 
face of a brick Brook Farm. The walls, which were chiefly conftruded of 
waU * (lone, were lined with bricks, formed of clay procured from 

the foundation. Some months after the eredion of the build- 
ing, a large part of the bricks were covered with an extremely 
copious, faline efflorefcence. Mr. Earle felt anxious left this 
peculiar fubftance fhould prove injurious to the plaifter, with 
which it was propofed to cover the walls, and was defirous 
to be informed refpeding its nature. With this intention the 
following experiments were performed. 

Analytic experi- The fait was diflolved in water, filtered, and gently evapo- 
nature ratec * * ^ cr } difficulty, and the cryftals were too 

indeterminate to afcertainprecifely their figure. The fait thus 
purified had a bitter, acrid tafte ; it neither efflorefeed nor 
deliquefeed after being expofed for feveral months to the at- 
mofphere. It was very foluble in water ; 100 grains of water 
at the temperature of 55°, diflolved nearly 50 grains of the 
fait; and the fame weight of water at the boiling heat, dif. 
ifolved. nearly three times that quantity. 

1. To 
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1. To a dnun of the aqueous folution, 20 quarts of ffituiioii 1 

of the muriate of barites were added, and a copious, denfe, 

white precipitate was inftantly produced. 

2. Equal parts of the aqueous folution and lime water, 
when added together formed a cloud which gradually fub- 
tided. 

3. Twenty drops of pure potalli were added to a dram of ^ 

the folution, and a copious precipitate was inftantly produced. 

4. To a dram of the folution were added two drams of E 
folution of the carbonate of potafh, a flocculent precipitate 
was immediately produced. 

5. A very copious precipitate was produced, when twenty 
drops of pure ammonia were added to a dram of the folution. 

6. The oxalic acid produced no aCtion when added to the 
folution. 

7. • Ten drops of the nitrate of filver being added to the 
Aqueous folution, produced fcarcely any effect ; a flight milki* 

$efs only was perceptible in the fluid. 

From thefe experiments the nature of the fait is fufficierttly it was fulphate t 
evident ; the aCtion of the muriate of barites proves it to be a 
fulphate, And the experiments with lime water and the alca* ' ^ 

h‘$, (hew that the fulphuric acid is united to magnefia. From : 
the 6th experiment we find that it contains no lime, and from 
the 7th, that it contains only a very minute portion of muriatic 
Acid. It appears therefore to be the fulphate of magnefia, or 
Epfom fait, in almoft a perfectly pure ftate. The fulphate of 
magnefia, which is ufually met with in commerce, contains a ^ 

considerable proportion of muriatic acid j this is proved by ths 
Very copious precipitate which it will be found to yield upon 
tiie addition of the nitrate of filver. To the muriatic A<tfd 
which it contains, Bergmann afcribes the tendency which thq 
common fulphate of magnefia poflefles, of attracting moifiure 
from the atmofphere. . i 

The refult of thefe experiments were not what I expe&ed $ * 

I imagined that the efflorefcences which we occafionally ob- 
ferved on walls, were compofed for the mod part of the nitrate 
of potafh. The purity of the fait was alfo A circumftance ' 
which appeared curious, as being contrary to the flate in 
which we ufually find it. The mofi fingular circumftauoe, 
however, was jts appearing at all in that fituation. 

Vol. Deckmbee, 1802. U Up oft 


Digitized by 


Google 





Mf'tfKOMEtfV OF DEW 1 . 


The fait wu not 
found in the 
clay of the 
bricks. 


Coujc&ure. 


This incident 
did not injure 
the plaifter. 


Upon hn examination bofbof the water Mid the clay, with 
\vhich the bricks were made, there are but faint indications of 
the exigence of this fait, at the fame time that the pretence of 
the muriatic acid is very perceptible, is it pqfdbfe that the 
muriatic acid may have been idi&pated during the burning of 
the bricks, and the fulphuric generated by the union of oxigen 
With feme fulpbureous matter exilling in the coah ? I fear this 
conjedure will be thought extravagant, but at prefent 1 fee 
noise which is more probable. 

It ip neceflkry to add; that no injury to the plaifter appears 
to have arifen from the prefence of ibis (Sulphate of magneda. r 


XIII. 


Jihftraft ttf a Afcmoir on the By Cit* Renxpiqt 

PaEvpsT *. j , 

* s known that a gjafs veflel is foraetimeSj covered iritis 
Alls snore plen- dew- in the midd of a veflel. of filyer, which at the faji^e. lime 
dfully,*wr'nifw- remains dry ; and that mercury in a china veflel is, np£ low* 
^i^oame-’ 9 red h f dew > though the edges pfthp veffel artery wet 5 
toV and it is very generally concluded from yarious experiments 

of this kind, that glafs is a fubdance upon whi^h the dew ij 
mofi, plentifully depodted, while it. is v not at all precipitated 
on metals. ; 

Repetition of Cit. Prevpd,was curiousj to repeat thefe experiments, which 
the experiments. ^ notfeem to him to have been made with diffipiety; care^ iq 
order to determine tq yvhat degree of pr f ecidon it might be al- 
lowable, to fupport the ufual eoncl,u (ion, Ip this repetition ha 
observes feme very fingular fads, of which we (hall proceed 
to give the general refults. 

DWcs of metal i. £)ifcs of tinfoil, of gold, of diver, of copper, &c. being 
•fen chang'd* appljed or lluck to plates of glafs>. and espofe^ to the dew, 
with dew; tho* were often found, to be no lefs charged with dew than th* 
t^^d^and Hfelf on which they were placed ; _thpugb.il moi;e com- 
tke glafs wet. monly happens that they remained dry, v^hile the glafe yvus 

0 very wpt. 

t *■ Read to the Society of Sciences and Arts of the Department of 
Lot, fitting at Montantaa. Trandated from the Annaleddt 

Vhiaw, XLIV. V* .. .. — 

/ 2 . Ia 
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- 2. In this cafe the preferving property of the metal fre- ’the Aet^l is nof 

quently extends to a conftderable diftance round, fo . that in caufesT^ir^ , 

•the midft of the humidity, there is conftituted a zone perfedly place round h. ^ 

dry and almott always well terminated. But what is very 

remarkable is, that when the glafs is moiftened underneath, 

the place atofweririg' to the metad remains dry 5 fo that the <nd even dntHi 

influence of the metal ads through the glafs of feveral milli- 

.metres (or twentieths of an inch) in thicknefs. And wefhail - ♦ 

foon fee that it extends much farther. 

3. The metal does not in this cafe ad as a fhelter or de« AnaWftond! * 
fence, for if the furfaCe be covered with glafs nothing particu- not pr^cc^ 

N?r happens. effettofthe 

4. Having patted ( colie ) againft the upper part of a pane ^^meullie plate 
glafs in a window expbfed to the north, and on the inner fur- being pafted on 

face a metallic redangle ; and on the lower part of the lame th . e °f*, 

0 * window within * 

pane externally a fimilar redangle, the author ofcferved, that ^ another on a 

when the moitture was condenfed on the inner furface, as part ^ 

often happens in winter, the inner metal fo far from remaining turc condenfed " 
dry, was more moittened than the glafs, while the furface within fell iftfe 
cOrrefpoading with the external metal was perfedly dry, as ™ ctalj and none 
well as a fquare of feveral lines round about. It was however on the furface 
remarked, that the humidity in the fquare approached much ^outer ^ 118 
nearer the corners of the metal than in the middle of the tides 
of the redangle. 

3. In the fame arrangement if the humidity was depottted on and ihoiriufe 
the oulttde (by cooling) the external metal remained dry, and f/rfacc ^ 
the place correfponding with' the internal metal was on the oppdfite the in- 
. contrary rather wetter than the reft of the glafs. and none 6 on the 

4*. When the humidity was formed both within and without, outer metal j 
no moitture was depottted either upon the, external metal, or m01 ^ urc oa 

r » . , . 4l _. * both tides did not 

' its correfpondent place within. wet thc cxtcrnal 

7. When a fmaller redangle was pafted cm the outer fur-* meta h 

face in the middle of the place correfponding with the inte- external 
rior redangle, and humidity was depottted internally, the in- metal on the 
tenor redangle was: not entirely wetted as it would elfe have o^gta 
been, but the place correfponding with the fmall external the internal me- 
red angle remained dry. * 

8. If upon the fmall external redangle a dife of glafs be oppof. metal, 

applied, a round wet fpot is formed within in the middle of A external 
the dry place of which we have juft fpoken, correfponding to middfe 0 ? the^ 
the place occupied externally by the glafs. external metal, 

it 9 O reproduced wctne(« 

V 2 9 - I 1 within. 
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If the whole ex- 
ternal metal be 
Covered with 
gltft, its effect 
eeafbs. 


Mfctxl upon (his 
laft glafs plate 
revives theef- 
fed. 

Anothfcr glaft ’ 
dcftroys it. 

Another metal 
revives it, &c. 


This alternation 
is limited* 


Gilt paper ope- 
rates like a me- 
tal if the gold 
heoutfide; 
etherwifc not. 


Infide metal at a 
difance from the 
gla(s caufes con- 
denfation on the 
glafs, and not 
the metal. 


PHEKOMtK A OF DfcW*. 

9. If inftead of this laft mentioned fmall difc, a glafs of the 
fame fize as the external metallic difc be applied fo as exa&ly 
to cover this laft, the humidity is difcovered over the whole 
of the interior rectangle in the fame manner as if the glafs were 
bare on the outfide. 

a. If upon the redangle "of glafs there be applied another 
metallic redangle, no humidity is again produced on the cor- 
refpondihg. interior furfoce, though it continues to be formed 
on the fame fide on the reft of the metal and gl4fs. 

b. But the humidity is again condenfed, if on the laft ex- 
ternal metallic redangle there be applied a redangle of glafs. 

c . And this again difappears, or ceafes to be produced, by 
the application of a third metallic leaf. 

d. A third redangle of glafs caufes it again to appear. 

t, f, g y &c. &c. &c. 

- Ndverthedefs there is a term at which the phenomenon be- 
comes irregular ; and this is when the whole thicknefs of the 
metallic bafes and plates of glafs amounts to 16 or 20 millime- 
tres (three quarters of an inch). 

10. Though the above phenomena clearly prove that the 
metal does not ad as a defence or cover in the produdion of 
thefe effeds, the author proves it ftill more ftrongly in the fol- 
lowing manner. 

He applies to a pane of glafs gilt papers of the fame fize and 
figure, fome by their metallic faces, and others by the furfaces 
which are uncovered, all the other circumftancfes being the 
fame. Thofe papers only of which the metallic furfaces were 
expofed to the air produced the effeds of metals; and the 
others produced no effed. This experiment repeated with 
pieces of glafs coated with tin foil inftead of gilt paper, pro- 
duced the fame refults. 

11. If in the inlide of a chamber, and parallel to one of the 
panes of glafs in a window, there be placed # a difc of metal of 
fix or feven centimetres in diameter (two inches and a quarter) 
fo that it (hall be fupported only by the middle, and the face 
fhall be only a few millimetres (or twenty-fifths of ah inch) 
diftant from the glafs, when the humidity comes on within 
there is none depofited on the difc, unlefs it be extremely 
near, but on the oppofite glafs it is depofited in much greater 
quantity than any where elfe. 

12. If 
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1 2. If inftead of this difc of metal a difc of glafs be fubfti- Glafc inftead of 
tuted, the humidity is not accumulated oppofite this difc any 1,85 no 
more than on the reft of the glafs. 

13. The inverfe phenomenon takes place on the outer. fur- Outfide, tht re- 
face under like circumftances. verfe. 

14. If the metallic difc (of feftion II.) be varniftied on the Varnifli on the 

fide which faces the interior of the chamber, the phenomenon f^^th^glafa 
takes place in the fame manner. , has no effect 


15. If the fide next the window be varniftied, or if both on the fide next 
fides be varniftied, the phenomenon does not take place* ftroys^the effea 

16. Thefe properties of the metals belong alfo to other Other plates as * 
condu&ors of electricity, but with fome modifications accord- wcU a * mcta l 8 ,* . 
ing to their nature. 

17. If a plate of metal be fubftituted inftead of a fquare of Metal plate In- 
glafs, humidity is fometimes produced, but always much lefs^ 8 ^ fthcl>ane 
than upon glafs. 

1 8 . If this plate of metal be thin and flat, and a difc of glafs Pane of glals on 
be faftened to it, the humidity is produced in preference, or a platc meta,# 
more abundantly oh the correfponding interior furface. 

J 9. All thefe phenomena take place in the fame manner, or The (Same phe- 

nearly fo, when panes of glafs fitted up with the metallic difcs, nomena ,n jhe 
J . J f ' r ® r r open air, where 

or apparatus before deleribed, are lupported upon fhort pegs the ground re- 
in the middle of a field where the grafs has been mowed and p ” fel ^ 8 t ^ J 
clipped ; in thefe circumftances the upper furface of the glafs t ^ e U ppe r 
reprefents the outfide, and the lower the infide of the chamber. outer air, 

20 . The interior humidity may be excited provided the Artificial pro- „ 
weather be rather cold, by means of a ftove, or by fprinkling ? ud * ion of dcw 
water on a red hot body ; and in the country during dry wea- an a u r * 
ther, the fpace on which the glafles are to be expofed may be doors, 
lightly watered after fun-fet. 

21. If different liquids fuch as water, mercury, alcohol. Other bodiap 

oils, acids, &c or even fmall leaden fliot be put into glafs from 

yeflels equal and alike in all refpeCts to the half, or two thirds 

ef their height, and they be expofed to the dew out of a win- A 

dow, the humidity will not be depofited on the lower part of 
the veflel, but only above the level of the fubftances contained, 
and at a diftance which varies according to the nature of thefe 
fubftances, being greater for mercury than for water, greater 
for water than for oil, &c.. 

£2. In 3 II thefe phenomena when the humidity is too abun- The humidity 
dant, the refults become confuted and uncertain, muft bc modc * 

H 23. The”*' 
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PHENOMENA OP DEW. 

3. The author made fevera! experiments to afeertain whe- 
ther feme of the metals might not be better adapted to the 
produ&ion of thefe phenomena than others. Having, for. 
example, expofed to the dew plates of copper gilt and fil verted, 
and plates of filver gilt only on the half of one of their faces, 
he obferved nothing decitive. It only appeared to him, that 
in general the drops were formed larger on the white metals* 
Put thefe comparative experiments are difficult to make on 
account of the readinefs with which moft of the metals become 
oxided in moift air; which then gives more or lefs of the pro- 
perty of glafs. 

24*. In making thefe observations Cit. Prevoft almoft al-' 
ways kept account of the changes produced in the, tempera- 
ture, or the difference between the internal and external tem- 
perature. He endeavoured to procure thermometers with 
flat bulbs, fufficiently fenfible to point out the difference of 
temperature of the two tides of the glafs at the fame inftant, 
which he thinks would have afforded inftru&ive refults ; but he 
has not yet fucceeded. He only remarks that it is not necef- 
fary that the external temperature fliould, as is commonly 
thought, be more elevated thaft the internal, in order that hu- 
midity fhould be formed on the outfide of the glafs, but tha^ 
the contrary often happens. 

25. Thefe refearches may be carried farther, for example, 
by making jimilar experiments in vacuo, or in other gafes as 
well as air, and by employing other liquids inftead of water. 

26. In order to reduce the principal fads contained in his 
memoir to a fmall number of proportions, Cit. Prevoft gives 
the name of the armour of contaSt to a metallic leaf applied or 
glued againft the glafs, and armour of difiance to that which 
is fome millimetres off from it. This being premifed, the fol- 
lowing are the general fads : 

I. When a partition or frame of glafs, which feparates two 
great maffes of air at unequal temperatures, is armed in con- 
tad on its warm face. 

A. If humidity be depofited on this face, it accumulates on 
the armour, infomuch that there is more there .than elfe where. 

B. And if humidity be depofited on the oppofite face, or 
the cold face , it accumulates on this face in the place corre- 
fpondi^g with the armour, f<? that there is piqre there than 
jelfe.where. 

k C. The 
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C. The fame happens when the armour is at a diftance ; but on the glafs If 
then if the humidity be depofited on the warm fide, it is not d?ftan^° Ur ^ 
on the armour, but it accumulates oppofite to it upon the , ^ 

glafs. >* 

II. When the partition is armed in contact with the cold Armour on the 

face cold fax repel* 

moifturc on 

A. If humidity be depofited on this face, it is npt on the both tides, 
armour. 

B. And if humidity be depofited on the oppofite face, that 
is to fay, the warm face, there is none on the correfpondeat 
place of the armour. 

C. The fame happens when the* armour is at a diftance on if at a diftance. 
the cold face. But then if the humidity be depofited 09 this 

face, there is not only a want of it on the armour, but there is 
none on that furfece of glafs oppofite the armour. 

III. A. In ofder that the phenomena (hould ceafe to take Glafs or rarnifli 
place, it is fufficient that the armours of contad, or the face of fedhof thc^" 
the armours of diftance oppofite the glafs, (hould be covered mour. 

with glafs or varnifti. Nothing remarkable then happens. 

B. If this glafs or varnifh be again covered with metal, the Alterations of 

phenomena again occur. » * 

C. They ceafe if this metal be again covered with glafs. \ 

D. They begin, &c. 

IV. One fingle propofition will include almoft the Whole q£ 
thefe fads. 

When glafs feparates two maffes of air of unequal temperatures, General propofi* 
the armour gives it (or feems to give it) the property of accitmu - ftate " 

biting or repelling humidity , according as it is applied either on 
the warm or cold face, and this influence extends through the gltyh % * 

and through other fubflances, to the diftancesof federal centimetres , 

V. Or (till more (imply. 

Glaft which feparates two maffes of air of unequal temperatures , Simple general 
accumulates (feems to accumulate) or repells humidity, according 
as it is armed on the warm or cold face . 


EXPLANATION. 

j. I imagined for a long time, fays the author, that thefe phe- 
nomena depended on eledricity, but they may be explained 
yery naturally by the eledive attradions which are exercifod at 
a diftance, and by the well known property of the metals of 
being good condudors of caloric. T 

BASES 
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BASES OF THE EXPLANATION. 

€kn«rsl bafet 1. The hfs the temperature of glaft is elevated, the more hmu 
thf5^^ a k ,,l> * dit y ** attracts from the air . 

2. Metals attvaB it very tittle. 

3. Glafs fenfibly exercifes its aSticm on the humidity (fair , at a 
dijtance, and notwithftanding the irtterpofition of different bodies 4 
fuch as plates of metal, *&c. 

4. Metals give to daft, near which they are placed, the property 
of more fpeedily aitradting caloric from hot air, and on the coth 
trary, that of yielding it more fpeedily to cold air . 

N. B. When I fay that metals give glafs this property, I 
mean that they ati as if they gave it them ; which is evident by 
ail examination of two thermometers, one of mercury the other 
of alcohol, which are plunged at the fame time in air either 
colder or warmer than that whofe temperature they indicate. 
The metallic thermometer arrives much fooner than the other 
to that of the. new medium. Its glafs then, if colder, muft 
take up more fpeedily from the medium the caloric which It 
tranfmits to the metal, or, if hotter, it muft more fpeedily give 
out that of the metal. 

Remarks; The firft bails has been long eftabliihed. 

The fecond and third are proved by the 17th and 18th fee- 
tions of the extra#. 

The laft is a neceflary confequence of the conducing pro* 
perty of metals. 

This being premifed, it is eafy to comprehend that. 

The laws ap-. A. When the glafs is armed on its warm face (§ £7,* lft> 
anc * it yields its caloric to the cold air more fpee* 
dily than that which is not armed (bafis 4), and confequently 
it attracts humidity more powerfully ( bafis 1), whether dtreftly 
{ on the glafs, or through the metal, or on the metal itfelf f bafis 

3), if this be in conta# ; but if it be at the diftance of fome 
millimetres, the humidity not meeting the metal on its pafiage, 
accumulates on the oppofite glafs in a greater quantity than 
elfewhere. 

-* B. If the metal be applied on the cold fide (§ 27, II* K 
land B.) the glafs mod heated does not attra&fo much hum!* 
dity (bafis 4 and 1 ), and it accumulates on the unarmed part of 
the pane. 

C. If, in this cafe, the armour be covered with a plateo£gl*& 
the plate pools more fpeedily than if the metal were no* P r ®’ 
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fcnt; but as the partition is more heated than if it were not 
prefent, there is no effect, and the totality of the double glafs 
armed within, is in the fame cafe with that unarmed ; it there* 
fore accumulates neither more nor lefs humidity; 

A fecond armour on the plate of glafs will caufe the pheno- 
mena to re-appear ; a fecond plate of glafs on this new armour 
will again make it difappear, &c. For as long as the fymme- 
* trical glafs (hall have the interior armours, the caufes of heat 
and cold will be found in equilibrio $ but an additional armour 
will neceffarily deftroy the balance, and the heated glafs will 
not attrad humidity; which explains the fads of §27. Ill* 

A. B. C. D. &c. 

D. If the glafs be armed on both fides (§ 7 ), as it would not 
J then be expofed to the air, either on the cold or warm fide, 
it feems that it ought to attrad as much humidity on the ar- 
mours as on the reft of the partition. But though the glafs ex-, 
ercifes its adion through the metal, this is neverthelefs an ob- 
stacle which diminifhes its force ; humidity in this cafe will not 
then be fo ftrongly attraded by the doubly armed glafs as by 
the part perfedly unarihed, &c, 

CONCLUSION. 

Thefe obfervations are not only interefting, but they appear Conclufion. 
to eftablifh an important point in philofophy ; namely, that 
glafs exercifes its attraction for thchumidity ( which has a tendency 
to be depojited frotn the air) through metals . See likewife § § 

19 and 26 for the generalization of this proportion. 

EXPLANATION OF THE FIGURES. 

Fig. I, Plate XV. relates to Art. 4 of the abftrad. A is ExpUnationof 
the interior redangle more deeply (haded than the reft of the the figurcs * 
fquare, which (ignifies that it is more moiftened. B is the 
place correfponding to the exterior redangle, with its furround- 
ing part reprefented white, becaufe dry. 

Fig. 2 relates to § § 7 and 8. 

Fig. 3, 4, 5, 6, 7, relate to Art. 7 and 9. I c fignifies 
interior fide hot ; E f, extenor fide cold. The lines more deeply 
fhaded reprefent the fedion of the metallic leaves ; the white 
lines reprefent the fedion of the glafs, and the dotted (hades 

feprefent drops of dew or moifture. 

fig- 8 relates to Art. 11. 

SCIENTIFIC 
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Abfirad. of the fate Experiments of Profejfor Aldini on 
Gatoani/m . 


Galvanic experi- 
fcneots pf Aldini* 


The theory that 
e!e&ricity is ge- 
nerated in ani- 
mals. 


verified by Al- 
dinij 


by fubftituting 
part of an ani- 
jpal inftead of 
the metallic pile 
The head of ah 
ox convuUes 
part of a frog. 


1VJL. ALDINI, Profeflor at the Inflitute of Bologna, and ne- 
phew of the celebrated Galvani, after having made his expe- 
riments at the National Inflitute of France, has vifited London, 
and given an accurate account of his experiments and difco- 
veries to the Royal Society, before whom the fame was read 
on the 25th laft. I have the pleafure to communicate fome 
of the, principal fads which he has had thegocfdnefs to commu- 
nicate to me, which appear calculated to throw much light on 
fome of the molt difficult phenomena of nature. 

Various philofophers have confidered the metals as not ab- 
solutely neceffary for the production of galvanifm, and IVfr. 
Davy has proved it in the pile : It has al.o been indiftindly 
apprehended or conjectured in the way of theory, that the gal- 
vanic or eledric matter was excited, colleded, or generated in 
the bodies of animals, where it was confidered as the great 
caufe or inftrument of mufcular motion, fenfation, and other 
effeds highly in terefling, but very little underftood. Profeflor 
Aldini has the diflinguifhed merit of having placed this propo- 
rtion in the rank of eftablifhed truths. He has fucceeded in 
excitigg mufcular contradions by the fimple application of the 
nerves to the mufcles of a prepared frog, without the leaf! fuL 
picion of any flimulus arifing from contad. He has alfo given 
motion to the limbs of a fmall cold blooded animal by the gal- 
vanic .energy of an animal with warm blood; an experiment 
never before imagined. He takes theliead of an ox recently 
cut pffi and applying the finger of one hand wetted with fait 
water to the fpinai marrow, he holds in the other hand the 
mufcle of a frog prepared (that is by diffedion) in fuch a di- 
redion that its crural nerves fliall touch the cervical mufcles 
on the tongue of the ox. Every time of thi§ contad flrong 
contradions are produced in the frog. Jf a chain of feyeral 
perfons be formed holding bands, the fameeffed takes place; 
but the contads do not produce any effed if the Chain of con- 
nection be broken or interrupted. , Here then we have the moft 
decided lubftituLion of the organized animal fyfteqi in the place 
* ; of 
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of the metallic, pile : it is an animal pik ; and the produQiori 
of the galvanic fluid, or eleCtricity, by the direct or indepen- 
dent energy of life in animals, can no longer be doubled. 

The Profeflor has lately repeated the feries of thefe experi- Thefe experi- 
ments at Oxford, and (hewed in the prefence of Dodtors P e £g ^ 

and Bancroft, that the nerves of a prepared frog, difpofed in * 

the manner here dated, approach very fenfibly to the mufcles 
of the warm-blooded animal, and exhibit a real attraction hi -Animal *ttr*c+ 
therto unknown in natural philofophy and phyfiology.. He* 0 ** 
invites philofophers to vary and repeat this phenomenon, 
which has been confirmed by different philofophers, particu- 
larly by the celebrated Felice Fontana of Florence. Galvmifm verified, 
by thefe faCts, is (hewn to be animal eledtricity, not merely 
paffive, but moil probably performing the mod important func- 
tions in the animal economy. This power appears not to be 
confined in its operation to the motion of the mufcles, but alfo , 
appears to be of importance in the fecretions. Aldirii has given Galranifia ope-i 
flrength to this conjecture, by fubjedting the urine to the power 1,1 tlw 
of the artificial galvanic dream, and he found it productive of a 
feparation of the principal combined parts of that fluid, which 
were confidered as of much importance by the celebrated Pro- 
feflors Senebierand Jurine, of Geneva. 

A very ample feries of experiments were made by Profeflor 
A. which (hew the eminent and fuperior power of galvanifm 
beyond any other dimulant in nature. In the months of Janu- Aftonifhing ef- 
ary and February lad, he had the courage to apply it at ® 0 *^^g huinaft 
Logna to the bodies of various criminals who had differed death 
at that place, and by means of the pile he excited the remain- 
ing vital forces in a mod adoni filing manner. This dim ulus Contortion! of 
produced the mod horrible contortions and grimaces by the ^thaftce* 
motions of the mufcles of the head and face ; and an hour and 
a quarter after death, the arm of one of the decollated bbdies the arm lifted 
was elevated eight incheis from the table on which it was fup- U P* 
ported, and this even wheh a confiderable weight was placed 
in the hand. Thefe experiments have iince been confirmed 
*in various parts of Italy, particularly at Turin, by ProfefTors 
Giulio, Vaflali, and Rofli. 

Thefe are not experiments of pure curiodty, but offer very Thefe experi- 
encouraging profpeCts for the benefit of mankind, in diforders mcnts promifc^ 
of the head, and in apoplexies. Profeflor Aldini means to apply STLrerf Sfl? 
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part of his time in London, in communicating tbefe important 
fubjeds of information to phyficians, as he has already done in 
Paris, in which place he made fome applications of his di£co- 
verios, chiefly at the Hofpital .de Salpetriere, in company with 
Dodor Pinel*. The application of galvanifm in melancholic 
Infinity cured, infanity is abfolutely new, and of great intereft. He perfedly 
cured two patients at Bologna of this diforder ; and on that 
account he is more defirous of recommending the trial in an 
* affliction fo diftreffing, againft which the prefen t fyftem of 
phyfic has fo little to ofFer, 

Apoplexy. It appears to be equally promifmg in cafes of apoplexy. 

Recovery of the Aldini thinks it may be highly ufeful in recovering drowned 
* ro * rn<< * # perfons, and on that account he is defirous of communicating 
with the Society eftablilhed at London for the recovery of 
thefe unfortunate individuals. An experiment lately made at 
Relpiration Paris adds much to his expectations. At the Hofpital de la 
WgSvanito tCd barite he (hewed the pupils, that galvanifm applied to the 
trunk of a dog, to the fpinal marrow, and the inteftines, 
caufed the lungs to ad in fuch a manner that the air that iflued 
from the afpera arteria twice in fucceflion, extinguilhed a large 
candle placed oppofite. Now, as in moft cafes little more it 
required in drowned fubjeds, than to fet the organs of refpira- 
iion into action, it is to be prefumed that the adion of gaivan- 
frecaodeoS' ifm may be of the high eft utility in thefe cafes. Many precau- 
tions are neceflfary to be ufed in the adininiftration of this 
powerful remedy in lunacy or apoplexy, which will be de* 
Rfofcflor Aldini tailed in a large work which ProfefTor Aldini intends to publifli 
intends to pub- j n this country before his return to Italy. In the mean time 
liiha large wor . ^ rea( j er will doubtlefs receive fatisfadion from this (hort 
notice he has enabled me to give of his labours on a fubjed 
which promifes greatly to extend the limits of natural fcieijce, 
and may be reafonably expeded to add to the powers whiefi 
man is enabled to exert fer his own benefit over the numerous 
beings around him. 

* Whofe Trfttifr fur la Manie is well knowi) in tfiis country. 
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•* Examen, fyc.” Chemical Examination of a New Gas, cotkp&i 

of Hidrogen , Carbon, and Phofphortis. By J. B. TeommS* 

DORFF. 

Mr. TrommfdorfF obtained this gas daring the decompofi- A newgai bj 
tion of phofphoric acid by ignited charcoal. In its common * wnuBflo 
ifcate it is mixed with carbonic acid, which may be feparated 
from it by agitation in Ikne water. 

The new gas is nearly of the fame fpecific gravity as com* 
mon air ; it is infoluble in water, and undergoes no change 
when mixed with oxigen, at common temperatures ; but it 
detonates with that aeriform fluid by the action of heat. It is 
poffefled of no agency upon the folutions of metallic oxides 
which are not reducible by heat, but it decompofes the fluid 
faline compounds containing gold, filver, or mercury. Dur- 
ing its combuftion with oxigen, water, phofphoric acid, and 
carbonic acid are formed, and hence Mr. TrommfdorfF is in- 
clined to Conclude that it is a triple compound of phofphorus, 
hidrogen, and carbon ; and he propofes to call it by a name, 
which may be tranflated by the term of phofphorated carbo- 
nated hidrogen gas. 

A part only of the memoir from which this account is taken 
is as yet publifhed. Concerning the adion of the new gas 
upon metallic folutions, and other phenomena prefented by it* 
the learned author promifes to enter upon fome additional de- 
tails. Without wifhing to anticipate any of his reafoning up- 
on the fubjed ; with the Ample hope of throwing out a hint 
for future difcuflions, we (hall venture a general obfervation 
or two in relation to it. 

If hidrogen exifts in the gas, it mull apparently arife from 
the decompofi tion of water contained by the concrete acid or 
the charcoal ; for, as would appear probable from the experi- 
ments of Deformes and Clement, well burnt charcoal con- 
tains no afcertainable quantity of combined hidrogen. By fe- 
parately igniting the phofphoric acid and the charcoal, before 
they were made to. ad on each other, the water contained by 
them would be driven off; and, under fuch qjrcumiiances, it 
would be curious to afeertain if the gas of Mr. Trommsdorff 
would be produced. 

As 
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As phofphorus had a very ftrong affinity for oxigen, we 
flipuld be difpofed, a priori , to conclude, in. reafoning upon 
tlie faft$ T lately difcovered concerning the gafeoiis oxide of 
carbon, tiiat this fubftance would be formed and evolved with 
the carbonic acid in the procefs of the decompofition of phof- 
y ' phoric acid by charcoal. Is it not poftfble that the new gas 

may be a mixture- of a triple compound of carbon, phofphorus, 
and oxjgerr* with carbonated hidrogen produced from the do- 
compofition of water united to the primary ingredients? 
There is nothing in the experiments detailed in the memoir 
which militates again# this fuppofition, and it might be ful> 
mitted to the proof of a new experiment at the fame time 
with the theory of the author. 

D. 


Notice concerning certain peculiar Habits of the Shark and Pitot 
/ Fijh, by Geoffroy, Profejfor at the Mafeum of Natural 
. Hiftory, 

Interefting nar- IT is afTerted, that the {hark has brought under his com- 
and V pilot man d> a very finall fifli of the fpecies of the gadus, that this 
latter ftfli precedes its mafler in its progrefs, that it points out 
thofe parts of the fea which mo# abound in fi(h, and the me- 
thod of obtaining the prey of which he is mo# greedy ; and 
that the (hark, notwithftanding its extreme voracity, in ac- 
knowledgment forthefe fignal fervices, lives on good terms 
with this ufeful companion. Naturalifts, who are always 
guarded again# the exaggerations of travellers, and not being 
able to account for fuch an aflociatiori, have doubtfully re- 
jected thefe faCls. It will be feen that they are wrong in-fo 
jJoing : the obfervations which I have made are accompanied 
by circumftances, which perhaps were never presented to any 
one but myfelf in fo detailed a manner. 

The 6th Prairial in the year 6, I was on board the frigate 
Alcefie between Cape Bon and the Ifland of Malta. The fea 
was calm : the palfengers were tired with its long duration, 
when their attrition was arre#ed by a (hark which they per- 
ceived approaching the veflel. It was preceded by pilot fift, 
'tiv ho were nearly at the fame diftance from one another as they 

were 
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herefrom the fhark: the pilot fifh approached the poop of Intereftm^n^r- 
the veffe!, they examined it twice from one end to! the other, ^ pitot fijju 
and being fatisfied that there was nothing there to anfwer their 
purpofe, they continued the courfe they had formerly held. 

During thefe different movements, the fhark never loft fight 
of them, or rather he followed them fo exactly, that it feemed 
as if he had been drawn along. 

j As foon as they were difcovered, a failor immediately pre- 
pared a large fifh hook, which he baited with pork ; but the 
ftiark and his companions, by the time the fifher had got ready, 
here at the diftance of 20 or 25 metres ; he neverthelefs 
threw his bait into the fea. The noife occafioned by the fall 
was heard at a diftance. The fifti were aftonifhed and flopped 
their courfe ; the pilots immediately turned, and prepared 
again' to examine the poop of the veffel. The fhark, during 
their abfence, amufed himfeff in a thoufand different ways at 
the farface of the water : he turned on his back, then on his 
Kelly, drved into the fea, but always appeared again in the 
fkm£ place 1 . The pilots having arrived at the poop of the 
Ateeftt, pafled near the pork, and as foon as they perceived 
it, they returned to the (hark with greater fwiftnefs than 
itfheh they left him.* Wheirthey had reached him, he begad 
his cburfo: the pilots fwimming one on his right and the other 
bn bis left, exerted themfelves to keep before him ; they with 
difficulty did fo, arid returned a fecond time to the poop of the 
ireflfet ; the ftiark followed them, and owing to the fagacity 
of his companions, perceived the prey that was deftined for 
biou .. .■ < 

It has been faid that the fhark has a very powerful fmell : 

I paid much attention to what pafled when he was near the 
^ork : it feemed to me that he did not perceive it till the very 
moment that his guides, as it were, pointed it out to him ; he 
did not till then fwim with greater fwiftnefs, or rather make a 
fpring to feize it. He firft feized a portion without being 
hooked ; but at the fecond attempt the hook pierced the lef^ 
lip : he was hoifted on board. 

At the expiration of two hours, during which I was occu- 
pied in the anatomy of this fqualus, I began to regret that I 
had not more nearly examined this fpecies, which fo willingly 
confecrates itfelf to the fervice of the (hark ; I was affured 

that 
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that I might e&fily do it, as it was certain that they had not 
, quitted the neighbourhood of the veflel, and fome moments 
after they pointed one out to me, which I perceived was of 
the fpecies of pilot h(h of the failors, and of the gajterojicus 
duSor of naturalists. 

It would doubtlefs be curious to examine what in terefts can 
induce animals io different in their organization, their fize and 
habits to form fucli an intercourfe. Does the pilot fifh feed on 
the dung of the (hark as CiL Bofc has fuppofed ; or does it 
impofe on itfelf the painful duties of fervitude, in order to 
find protection and fafety in the company of fo voracious a 
lpeqies. 


Notice of a New Metal, by Prqfejfor Proust. 

New Profefior Proufl, in a letter to Dr. Delametherie, promifes 

SiJemes* f Q f enc j an acC ount of a new metal he has lately difcovered in 
an ore from Hungary. He is not yet acquainted with its'metal- 
lie afpeCt, he is apprehend ve it will not be eafily reduced, from 
its retaining oxigen with confiderable avidity, and like many 
other metals, it is fufceptible of two degrees of oxidation ; the 
folutions of its oxide at maximum is yellow, green at the mi- 
nimum, when in thefe two dates it colours glafs ; laftly, it 
may be ranked in tne clafs of thofe metals which retain oxigen 
again# fulph qrated hidrogen. He has purified it by the faipe 
means he employed with nickel, cobalt, iron r manganeie. 

J. de Phyf. Vendcmaire , on If- 
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B . Basalt on* an uneven bottom . 



Fig. 2. B. Bed of Basalt broken by Water. 



Fig. 2. S.Bed <f Sandstone deposited 
on the broken bed of ' Basalte*; 


Fig.3 . 
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